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Advertiſement I. 
Roof the en- 
fing Diſcourſe a- 
bout Light was 
: N R WE written at the De- 
r ft: of ſome Gen- 
tlemen of the Royal- Society, in 
the Jear 1675, and then ſent to 
their Secretary, and read at their 
Meetings, and the reſt was add- 
ed about tuelve Tears after to 
complete the Theory ; except the 
third Book, and the laſt Propo- 
ſition of the Second, which were 
ſince put together out of ſcat- 
terd Papers. To avoid be- 
ing engaged in Diſputes about 

2 theſe 


Advertiſement. 


theſe Matters, Thave hitherto de- 


layed the printing, and ſhould 
ſtill have delayed it, had not the 
Importunityof Friends prevailed 
upon me. If any other Papers 
writ on this Subject are got out 
of my Hands they-are imperfect, 
and were perhaps written before 
1 had tried all the Experiments 
here ſet down, and fully Jane 
ed my ſelf about the Laws of Re- 
fractions and Compoſition of Co- 


Tours. I have here publiſk'd what 


I think proper to come abroad, 
wiſhing that it may not be tran- 
ſlated into another Language 
without my Conſent. 

[he Crowns of Colours, which 


ſometimes appear about the Sun 
and Moon, I have endeavoured 


to give an Account of ; but for 
| IBS en Want 
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want of ſuſſicient Obſervations 
leave. 1/ Matter to 10 arther 
examined. The Subjeft of the 
Third Book I have alſo left im- 
perfect, not having tried all the 
Experiments which I intended 
when I was about theſe Matters, 
nor repeated ſome of thoſe which 
I did try, until I had ſatisfied 
my ſelf about all their Circum- 
ſtances. To communicate what 
[ have tried, and leave the reſt 
to others for farther Enquiry, 
is all my Deſign in publiſhing 
theſe Papers. | 
Ina Letterurittento Mr.Leib- 
nitZ in the Tear 1679, and pub- 
liſhed by Dr. Wallis, / mention d 
a Method by which I had found 
ſome general Theorems about 
ſquaring Curvilinear Figures, 
= 
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or comparing them with the Co- 
nic Seftions, or other the ſimpleſt 

Figures with which they may be 
compared. And ſome Tears ago 
I lent out & Manuſcript contain | 
ing ſuch Theorems, and having 
ſmce met with ſome Things copt- | 
ed out of it, I have on this Occa> 
fron made it publick, prefixing to 
it an Introduction, and ſub join. 
ing 4 Scholium concerning that 
Method. And [have joinedwith | 
it another ſmall Tract concern- 
ing the Curvilinear Figures of 

the Second Kind, which was alſo 

aritten many Tears ago, and | 
made known to ſome Friends, | 
who have ſolicited the making it 
publick. 51 
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Advertiſement II. 
RAE) RR /V 7h Second Edition 
WY KS of eſe Opticks I have 
omitted tbe Mathema- 
ical Tratts publiſb d 
at the End of the former Edi- 
tion, as not belonging to the 
o Jubject. And at the End of 
the Third Book I have added 
+ | ſome Queſtions. Aud to ſbeu 
h that I do not take Gravity for 
an eſſential Property of Boates, 
I have added one Queſtion con- 
) 
/ 


„ prop its Cauſe, chuſing to 


1 propoſe it by way of a Queſti- 
on, becauſe I am not yer ſatiſ- 
¶ Bed about it for want of Expe- 


7 riwnents. 
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ADVERTISEMENT to this 
Fourth Edition. 


HI new Edition of 
= x jr laac Newton? 
81 Ms Opticks 7s carefully 
— yrinted from the Third 
Edition, as it was corrected by 
the Authors own Hand, and 
45 before his Death with the 

ookſeller.” Since Sir Wfaac's |. 

Loectiones Optice, which he 
publickly read in the Univerſity 
of Cambridge in the Tears | 
1669, 1670, and 1671, are 

' lately printed, it has been thought 
proper to make at the bottom of 

-. rhe Pages ſeveralCitations from 

4 thence, where may be 974g the 
4 Demonſtrations, which the Au- | 

thor omitted in theſe Opticks. 


THE 
| FIRST BOOK 
2 | O F 
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Fc. Deſign in this Book is not to ex- 
. | lain the Properties of Light by Hy- 
M . P * P 

f . potheſes, but to propoſe and prove 
al thera by Reaſon and Experiments: 


In order to which I ſhall premiſe the 


* 
* 


MW, 5 
iS 
LI 


following Definitions and Axioms. 
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T Deſign in this Book is not to ex- * 
Jon E plain the Properties of Light by Hy- 


| 
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| potheſes, but to propoſe and prove 

them by Reaſon and Experiments: 
In order to which I ſhall premiſe the 

following Definitions and Axioms. 
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DEFINITIONS. 


DEFIN. L 


Y the Rays of Light J underſtand its leaſt 

Parts, and thoſe as well Succeſſive in the 
ſame 'Lines, as Contemporary in ſeveral Lines. 
For it is manifeſt that Light conſiſts of Parts, | 
both Succeſſive and Contemporary; becauſe in 
the fame place you may ſtop that which comes 
one moment, and let paſs that which comes pre- 
ſently after; and in the ſame time you may 
ſtop it in any one place, and let it pl in -any | 
other. For that part of Light which is ſtopp'd- 
cannot be the ſame with that which is let pals. | 
The leaſt Light or part of Light, which may 
be ſtopp'd alone without the reſt of the Light, 
or propagated alone, or do or ſuffer any thing. 
alone, which the reſt of the Light doth not or 
ſuffers not, I call a Ray of Light. : 


N. 1 


Refrangibility of the Rays of Light, is their | 
Diſpoſition to be refracted or turned out of their 
Way in paſſing out of one tranſparent Body or 


Medium into another. And a greater or leſs Re- 


Frangibility of Rays, is their Diſpoſition to be 
turned more or leſs out of their Way in like In- | 
cidences on the ſame Medium. Mathematicians ? 
uſually conſider the Rays of Light to be Lines 
reaching from the luminous Body to the Body 
illuminated, and the refraction of thoſe Rays to 
be the bending or breaking of thoſe lines in 

| their 
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their paſſing out of one Medium into another. 


And thus may Rays and Refractions be conſi- 


I dered, if Light be propagated in an inſtant. 


But by an Argument taken from the Æqua- 
tions of the times of the Eclipſes of Jupiter's 
Satellites, it ſeems that Light is propagated in 
time, ſpending in its paſſage from the Sun to us 
about ſeven Minutes of time: And therefore I 
have choſen to define Rays and Refractions in 
| e general terms as may agree to Light in both 

caſes. 


DE FIN. III. 
Reflexibility of Rays, is their Diſpoſition to be 


| reflected or turned back into the ſame Medium from 


any other Medium upon whoſe Surface they fall. 


Aud Rays are more or leſs reflexible, which are 
turned back mere or leſs eaſily. As if Light paſs 


out of a Glaſs into Air, and by being inclined 


more and more to the common Surface of the 
Glaſs and Air, begins at length to be totally re- 


flected by that Surface; thoſe ſorts of Rays 
which at like Incidences are reflected moſt co- 
piouſly, or by inclining the Rays begin ſooneſt 
to be totally reflected, are moſt reffexible. 


DEF IN. IV. 


Phe Angle of Incidence is that Angle, which | 
the Line deſcribed by the incident Ray contains with 
the Perpendicular to the refieting or refratting Sur- 


Jace at the Point of Incidence. 


B 2 DE FIN. 
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The Angle. of Reflexion or Refraction, is the 
Angle which the line deſeribed by the reflefted or re- 
frafted Ray containeth with the Perpendicular to 
the =_ ng or refracting Surface at the Point of 
Incidence. 


p E FIN. VL 


The Sines of Incidence, Reflexion, and Refra- | 
Hon, are the Sines of the Angles of Incidence, Re- 
flexion, and Refraction. 


DEFIN. VI. 


The Light whoſe Rays are all alike Refran- | 
gible, I call Simple, Homogeneal and Similar; 
and that whoſe Rays are ſome more Refrangible 
than others, I call Compound, Heterogeneal and 
Diiſimilar. The former Light I call Homoge- ? 
neal, not becauſe I would athrm it ſo in all re- 
ſpecs, but becauſe the Rays which agree in Re- | 
frangibility, agree at leaſt in all thoſe their other 
Properties which I conſider in the following 
Diſcourſe, | 


DE F.1 MN VEL 


The Colours of Homogeneal Lights, I call Pri- 
mary, Homogeneal and Simple ; and thoſe of He- | 
terogeneal Lights, Heterogeneal and Compound. For 
theſe are always compounded of the colours of 
Homogeneal Lights; as will appear in the fol- 
lowing Diſcourſe. 1 


AXIOMS. 
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AXIOM Ss. 
. 


| 7 E Angles of Reflexion and Refraction, lie 


in one and the ſame Plane with the Angle of In- 


cidence. 


A X. II. : 
The Angle of Reflexion is equal to the Angle of 


Incidence. 


A X. III. 
F the refracted Ray be returned directly back to 


t be Point of Incidence, it ſhall be refracted into the 
Line before deſcribed by the incident Ray. 


A X. IV. 
Refraction out of the rarer Medium into the 


denſer, is made towards the Perpendicular ; that 
is, /o that the Angle of Refraction be leſs than the 
Angle of Incidence. 


3 VF, 
The Sine of Incidence is either accurately or 


very nearly in à given Ratio to the Sine of Re- 
in. 


Whence if that Proportion be known in any 


one Inclination of the incident Ray, tis known 
in all the Inclinations, and thereby the Refra- 


ction in all caſes of Incidence on the ſame refra- 


cting Body may be determined, Thus if the 
B 3 Refra- 


6 cM? TC. 
Refraction be made our of Air into Water, the 
Sine of Incidence of the red Light is to the Sine 
of its Refraction as 4 to 3. If out of Air into Glaſs, 
the Sines are as 17 to 11. In Light of other 
Colours the Sines have other Proportions: but 
the difference is ſo little that it need ſeldom be 
conſidered. ; 
Suppoſe therefore, that RS in Fig. 1. ] repre- 
ſents the Surface of ſtagnating Water, and that c 
is the point of Incidence in which any Ray coming 
in the Air from A in the Line A C is reflected or 
refracted, and I would know whither this Ray ? 
ſhall go after Reflexion or Refraction: I erect 
upon the Surface of the Water from the point 
of Incidence the Perpendicular CP and produce 
it downwards to Q , and conclude by the firſt 
Axiom, that the Ray after Reflexion and Re- 
fraction, ſhall be found ſomewhere in the Plane 
of the Angle of Incidence ACP produced. I let 
fall therefore upon the Perpendicular CP the | 
Sine of Incidence AD; and if the reflected 
Ray be deſired, I produce AD to B fo that 
DB be equal to A D, and draw C B. For this 
Line C B ſhall be the reflected Ray; the Angle 
of Reflexion BCP and its Sine B D being e- 
qual to the Angle and Sine of Incidence, as they 
ought to be by the ſecond Axiom, But if the 
refracted Ray be deſired, I produce AD to H, 
ſo that D H may be to AD as the Sine of Re- 
fraction to the Sine of Incidence, that is, (if the 
Light be red) as 3 to 4; and about the Center 
C and in the Plane ACP with the Radius CA 
deſcribing a Circle ABE, I draw a parallel to the 
Perpendicular CP, the Line HE cutting the 


Circum- 


f 
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Circumference in E, and joining CE, this Line 


JCE ſhall be the Line of the refracted Ray. 
For if E F be let fall perpendicularly on the 
Line P 
fraction of the Ray CE, the Angle of Refraction 


„this Line EF ſhall be the Sine of Re- 


being EC Q and this Sine E F is equal to DH, 
and conſequently in Proportion to the Sine of 


Incidence AD as 3 to 4. 


In like manner, if there be a Priſm of Glaſs 
(that is, a Glaſs bounded with rwo Equal and 


Parallel Triangular ends, and three plain and 
well poliſhed Sides, which meet in three Parallel 
Lines running from the three Angles of one 
end to the three Angles of the other end) and 
if the Refraction of the Light in paſſing croſs this 
3 Priſm be defired: Let ACB [in Fig. 2] repreſent 
a Plane cutting this Priſm tranſverſly to its three 


Parallel lines or edges there where the Light 


paſſeth through it, and let D E be the Ray in- 


cident upon the firſt fide of the Priſm A C where 
the Light goes into the Glaſs; and by putting 
the Proportion of the Sine of Incidence to the 
Sine of Refraction as 17 to 11 find E F the firſt 
refracted Ray. Then taking this Ray for the 
Incident Ray upon the ſecond ſide of the Glaſs 
BC where the Light goes out, find the next 
refracted Ray F G by putting the Proportion 
of the Sine of Incidence to the Sine of Re- 
fraction as 11 to 17. For if the Sine of Inci- 
dence out of Air into Glaſs be to the Sine of 

efraction as 17 to 11, the Sine of Incidence out 


ol Glaſs into Air muſt on the contrary be to the 


Sine of Refraction as 11 to 17, by the third 
Axiom. 
B 4 Much 


8 9 N bags. | | 
Much after the ſame manner, if AC B D [in i 


Fig.3.] repreſent a Glaſs ſpherically convex on 
both fides (uſually called a Lens, ſuch as is a gurn- 
ing-glaſs, or Spectacle-glaſs, or an Object-glaſs of 
a Teleſcope) and it be required to know how Þ 
Light falling upon it from any lucid point Q? 
ſhall be refracted, let Q M repreſent a Ray, 
falling upon any point M of its firſt ſpherical MF 
Surface A CB, and by erecting a Perpendicular 
to the Glaſs at the point M, find the firſt re- F 
fracted Ray M N by the Proportion of the 
Sines 17 to 11. Let that Ray in going out of 
the Glaſs be incident upon N, and then find 
the ſecond refracted Ray N q by the Propor- 
tion of. the Sines 11 to 17. And after the ſame 
manner may the Refraction be found when the 
Lens is convex on one fide and plane or con- 
cave on the other, or concave on both ſides. 


. | 
Homogeneal Rays which flow from ſeveral Points 


of any Olject, and fall perpendicularly or almoſt | 
perpendicularly on any reflecting or refracting Plane 
or ſpherical Surface, ſhall afterwards diverge 
from jo many other Points, or be parallel to ſo 
many other Lines, or. converge to ſo many other 
Points, either accurately or without any ſenſible 
Error. And the ſame thing will happen, if the 
Rays be reflected or refratted ſucceſſruely by two 
or three or more Plane or Spherical Surfaces. 
The Point- from which Rays diverge or to 
which, they converge may be called their Focus. 
And the Focus of the incident Rays being gi- 
ven, that of the reflected or refracted ones may 
be 
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[in pe found by finding the Refraction of any two 
con Rays, as above; or more readily thus. 


irn - Caf. 1. Let ACB [in Fig. 4. ] be a reflecting or 
s of FrefraQting Plane, and Q the Focus of the incident 
ow Rays, and Q 9 C a Perpendicular to that Plane. 
t FAnd if this Perpendicular be produced to 1 
day Yo that C be equal to Q C, the Point 9 ſhall 
cal be the Focus of the. reflected Rays: Or if 9 C 


lar be taken on the ſame fide of the Plane with 
re- QC, and in proportion to QQ as the Sine of 
the Incidence to the Sine of Refraction, the Point 3 
of Fſhall be the Focus of the refracted Rays. 
nd Caſ. 2. Let ACB [in Fig. 5. ] be the reflecting 
r- Surface of any Sphere whole Centre is E. Bi- 
ne ſſect any Radius thereof, (ſuppoſe EC) in T, 
he fand if in that Radius on the ſame fide the Point 
n- FT you take the Points Q and , ſo that TQ. 
T E, and T'q, be continual Proportionals, an 
the Point Q be the Focus of the incident Rays, 
the Point q ſhall be the Focus of the reflected 
is Fones. 
/* Ca 3. Let ACB [in Fig. 6.] be the refracting 
ze MF Surface of any Sphere whoſe Centre is E. In 
e Fany Radius thereof E C produced both ways 
o take E T and Cr equal to one another and ſe- 
Tr A verally in ſuch Proportion to that Radius as 
the leſſer of the Sines of Incidence and Re- 
fraction hath to the difference of thoſe Sines. 
And then if in the fame Line you find any two 
Points Q and q, fo that T Qbe to ET as E; 
to 9, taking 5 the contrary way from f which 
IT Qlieth from T, and if the Point Q be the 
Focus of any incident Rays, the Point 7 ſhall be 
the Focus of the refracted ones | 
5 And 
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And by the ſame means the Focus of the Rays 
after two or more Reflexions or Refractions may 
be found. 

Caf. 4. Let AC BD [in Fig. 7.] be any refract- 
ing Lens, ſpherically Convex or Concave or 
Plane on either fide, and let C D be its Axis 

that is, the Line which cuts both its Surfaces 
perpendicularly, and paſſes through the Centres 
of the Spheres,) and in this Axis produced let 
F and / be the Foci of the retracted Rays found as 
above, when the incident Rays on both ſides the 
Lens are parallel to the ſame Axis; and upon the 
Diameter F f biſected in E, deſcribe a Circle. 
Suppoſe now that any Point Qbe the Focus of 
any incident Rays. Draw QE cutting the ſaid | 


Circle in T and 7, and therein take 7 q in ſuch | 


proportion to ? E as ? E or TE hath to T Q. 


Let r lie the contrary way from ? which T Q ! 


doth from T, and q ſhall be the Focus of the 
refracted Rays without any ſenſible Error, pro- 
vided the Point Q be not ſo remote from the 
Axis, nor the Lens ſo broad as to make any of 
the Rays fall too obliquely on the refracting 
Surfaces. ®F | 

And by the like Operations may the reflecting 
or refracting Surfaces be found when the two 
Foci are given, and thereby a Lens be formed, 
which ſhall make the Rays flow towards or 
from what Place you pleaſe. + 


In our Author's Legionen Optic, Part I. Set. IV. Prop. 29, 
30, there is an elegant Method of determining theſe Fi; not only 
in ſpherical] Surfaces, but likewiſe in any other curved Figure what- 
ever: And in Prop. 32, 33, the ſame thing is done for any Ray ly- 


＋ Bid. Prop. 34. IS 
SQ 


ing out of the Axis. 
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8o then the Meaning of this Axiom is, that 


f Rays fall upon any Plane or Spherical Surface 
Sr Lens, and before their Incidence flow from 
pr towards any Point Q they ſhall after Re- 
Hexion or Refraction flow from or towards the 
Point ꝙ found by the foregoing Rules. And if 
the incident Rays flow from or towards ſeveral 
points Q, the reflected or refracted Rays ſhall 
How from or towards ſo many other Points - 
found by the ſame Rules. Whether the reflect- 
Fed and refracted Rays flow from or towards the 
Point ꝙ is eaſily known by the ſituation of that 
Point. For if that Point be on the ſame ſide 
of the reflecting or refracting Surface or Lens 
with the Point Q , and the incident Rays flow 
from the Point the reflected flow towards 
the Point ꝙ and the refracted from it; and if the 
incident Rays flow towards Q, the reflected 
flow from , and the refracted towards it. And 
the contrary happens when 4 is on the other 


ſide of the Surface. 


A&A. VIh 


Wherever the Rays which come from all the 
Points of any Object meet again in ſo many 
Points after they have been made to converge by 
Reflection or Refraction, there they will make a Pi- 
ure of the Object upon any white Body on which 
they fall. | 


dos if PRI in Fig. 3.] repreſent any Object with- 

cout Doors, and AB be a Lens placed at a hole 

in the Window-ſhut of a dark Chamber, where- 

by the Rays that come from any Point Q of 
N 


1 
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that Object are made to converge and meet a- 
gain in the Point 9; and if a Sheet of white Pa- 
per be held at for the Light there to fall up- 
on it, the Picture of that Object PR will ap- 
pear upon the Paper in its 8 ſhape and Co- 
ich comes from the 

Point Q goes to the Point q, ſo the Light which 
Object, 

will go to ſo many other correſpondent Points 
p and r (as is manifeſt by the ſixth Axiom; ) ſo 
that every Point of the Object ſhall illuminate a 
correſpondent Point of the Picture, and there- 
by make a Picture like the Object in Shape and 
Colour, this only excepted, that the Picture ſnall 
be inverted. And this is the Reaſon of that vul- 
gar Experiment of caſting the Species of Objects 
from abroad upon a Wall or Sheet of white Pa- 


lours. For as the Light whic 


comes from other Points P and R of t 


er in a dark Room. 


In like manner, when a Man views any Object 
PQR, [in Fig. 8.] the Light which comes from 
the ſeveral Points of the Object is ſo refracted 
by the tranſparent ſkins and humours of the 
Eye, (that is, by the outward coat EF G, called 
the Tunica Cornea, and by the cryſtalline hu- 


mour A B which is beyond the Pupil ) as to 


converge and meet again in ſo many Points in 
the bottom of the Eye, and there to paint the | 
Picture of the Object upon that ſkin (called the 
Tunica Retina) with which the bottom of the 
Eye is covered. For Anatomiſts, when they have 


taken off from the bottom of the Eye that out- 

ward and moſt thick Coat called the Dura Ma- 

ter, can then ſee through the thinner Coats, 

the Pictures of Objects lively painted there- 
Du. 
\ 


| 


| 
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et a. In. And theſe Pictures, propagated by Mo- 
Hon along the Fibres of the Optick Nerves in- 
up. geo the Brain, are the cauſe of Viſion. For ac- 
| 15 Fordingly as theſe Pictures are perfect or im- 
P perfect, the Object is ſeen perfectly or imperfect- 
Jy. If the Eye be tinged with any colour (as in 
hich the Diſeaſe of the Faundice) ſo as to tinge the 
Pictures in the bottom of the Eye with that 
Colour, then all Objects appear tinged with the 
ame Colour. If the Humours of the Eye by 
did Age decay, ſo as by ſhrinking to make the 
Tornea and Coat of the Cry/talline Humour grow 


* 
7 
of 


= Natter than before, the Light will fot be re- 
ball 4 rated enough, and for want of a ſufficient Re- 
ul. Fraction will not converge to the bottom of the 


ye but to ſome place beyond it, and by con- 
Fequence paint in the bottom of the Eye a con- 
fuſed Picture, and according to the Indiſtinct- 
neſs of this Picture the Object will appear con- 
fuſed. This is the reaſon of the decay of ſight 
in old Men, and ſhews why their Sight is mend- 
ed by Spectacles. For thoſe Convex glaſſes ſup- 
Fly the defect of plumpneſs in the Eye, and by 
increaſing the Refraction make the Rays con- 
verge ſooner, ſo as to convene diſtinctly at the 
bottom of the Eye if the Glaſs have a due de- 
gree of convexity. And the contrary happens 
in ſhort-ſighted Men whoſe Eyes are too plump. 
Tor the Refraction being now too great, the 
Ways converge and convene in the Eyes before 
they come at the bottom; and therefore the 
Picture made in the bottom and the Viſion 
7 cauſed thereby will not be diſtinct, unleſs the 
Object be brought ſo near the Eye as that the 


place 
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owe where the converging Rays convene may 


removed to the bottom, or that the plump- 
neſs of the Eye be taken off and the Refracti 
ons diminiſhed by a Concave-glaſs of a due de- 
gree of Concavity, or laſtly that by Age the 
Eye grow flatter till it come to a due Figure: 
For ſhort-ſighted Men ſee remote Objects beſt 
in Old Age, and therefore they are accounted to 
have the'moſt laſting Eyes. 


AX. VIII. 


An Object ſeen by Reflexion or Refraction, ap- 


pears in that place from whence the Rays after their 


laſt Reflexion or Refraction diverge in falling on the 


Spectator's Eye. 


If the Object A [in Fig. .] be ſeen by Reflexion 
of a Looking-glaſs m 7, it ſhall appear, not in its 
proper place A, but behind the Glaſs at a, from 
whence any Rays AB, AC, AD, which flow from 
one and the ſame Point of the Object, do after 
their Reflexion made in the Points B, C, D, di- 
verge in going from the Glaſs to E, F, G, 
where they are incident on the Spectator's Eyes. 
For theſe Rays do make the ſame Picture in the 
bottom of the Eyes as if they had come from 
the Object really placed at a without the Inter- 
poſition of the Looking-glaſs; and all Viſion is 
made according to the place and ſhape of that 
Picture. 

In like manner the Object D [in Fig. 2.] ſeen 
through a Priſm, appears not in its proper place 
D, but is thence tranſlated to ſome other place 
d ſituated in the laſt refracted Ray FG drawn 
backward from F to d. And 
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And ſo the Object Q in Fig. 10.] ſeen through 
the Lens AB, appears at the place from whence 
the Rays diverge in paſſing from the Lens to the 
Eye. Now it is to be noted, that the Image of 
the Object at q is ſo much bigger or leſſer than 
the Object it ſelf at Q, as the diſtance of the 
Image at from the Lens A B is bigger or leſs 
than the diſtance of the Object at Q from the 
ſame Lens. And if the Object be ſeen through 
two or more ſuch Convex or Concave-glafles, 
every Glaſs ſhall make a new Image, and the 
Object ſhall appear in the place of the big- 
neſs of the laſt Image. Which conſideration un- 
folds the Theory of Microſcopes and Teleſcopes. 
For that Theory conſiſts in almoſt nothing elſe 
than the deſcribing ſuch Glaſſes as ſhall make the 
laſt Image of any Object as diſtinct and large and 
luminous as it can conveniently be made. 

I have now given in Axioms and their Ex- 
plications the ſum of what hath hitherto been 
treated of in Opticks. For what hath been ge- 
nerally agreed on I content my ſelf to aſſume 
under the notion of Principles, in order to what 
I have farther to write. And this may ſuffice 
for an Introduction to Readers of quick Wit 
and good Underſtanding not yet verſed in Op- 
ticks: Although thoſe who are already acquaint- 
ed with this Science, and have handled Glaſſes, 
will more readily apprehend what followeth. 


PROPO- 


4 Or rares 


m Y 1 


PROPOSITIONS. 


PROP.I TRHREOR. I. 


I GHTS which differ in Colour, differ alſo in 


Degrees of Refrangibi lity. 
The PRO Or by Experiments. 


Exper. I. I took a black oblong ſtiff Paper 
terminated by Parallel Sides, and with a Per- 


pendicular right Line drawn croſs from one 
Side to the other, diſtinguiſhed it into two e- 
qual Parts. One of theſe parts I painted with 
a red colour and the other with a blue. The 
Paper was very black, and the Colours intenſe 
and thickly laid on, that the Phænomenon 


might be more conſpicuous. This Paper 1 
view'd through a Priſm of ſolid Glaſs, whoſe 
two Sides through which the Light paſſed to the | 


Eye were plane and well poliſhed, and contained 
an Angle of about ſixty degrees; which Angle 
I call the refracting Angle of the Priſm. And 
whilſt I view'd it, I held it and the Priſm before 
a Window in ſuch manner that the Sides of the 
Paper were parallel to the Priſm, and both thoſe 
Sides and the Priſm were parallel to the Horizon, 
and the croſs Line was alſo parallel to it: and 
that the Light which fell from the Window upon 
the Paper made an Angle with the Paper, equal 
to that Angle which was made with the ſame 

Paper 


3 
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E Paper by the Light reflected from it to the Eye. 
Beyond the Priſm was the Wall of the Chamber 


nder the Window covered over with black 
Cloth, and the Cloth was involved in Darkneſs 


that no Light might be reflected from thence, 
which in paſſing by the Edges of the Paper to 
the Eye, might mingle itſelf with the Light of 


the Paper, and obſcure the Phænomenon there- 
of. Theſe things being thus ordered, I found 


that if the refracting Angle of the Priſm be 
turned upwards, ſo 
be lifted upwards by the Refraction, its blue 
half will be lifted higher by the Refraction than 
its red half. But if the refracting Angle of the 


t the Paper may ſeem to 


Priſm be turned downward, ſo that the __ 
may ſeem to be carried lower by the Refra- 
ction, its blue half will be carried ſomething 
lower thereby than its red half. Wherefore in 
both Caſes the Light which comes from the 
blue half of the 1 4 through the Priſm to 


the Eye, does in like Circumſtances ſuffer a 


greater Refraction than the Light which comes 
from the red half, and by conſequence is more 
refrangible. 

Lluſtration. In the eleventh Figure, MN 
repreſents the Window, and D E the Paper 
terminated with parallel Sides D ] and H E, 
and by the tranſverſe Line F G diſtinguiſhed 
into two halfs, the one D G of an intenſely 
blue Colour, the other F E of an intenſely 
red. And BACcab repreſents the Priſm 
whoſe refracting Planes ABba and ACca 
meet in the Edge of the refracting Angle A 4. 
This Edge A @ being upward, is parallel both on 
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the Horizon, and to the Parallel-Edges of the 
Paper D] and HE, and the tranſyerſe Line FG 
is pe endicular to the Plane of the Wind-. 
And 3 repreſents the Image of the Paper ſeen 
by Refraction upwards in ſuch manner, that the 
blue half DG is carried higher to dg than the 
red half FE is to fe, and therefore ſuffers a FF. 
greater Refraction. If the Edge of the refrafting 
Angle be turned downward, the Image of the 
Paper will be refracted downward ; ſuppoſe to 
Ke, and the blue half will be refracted lower to 
© y, than the red half is to pe. | 1 
Exper. 2. About the aforeſaid Paper, whoſe 
two halfs were painted over with red and blue, 
and which was ſtiff like thin Paſteboard, I lapped f 
ſeveral times a ſlender Thred of very black Silk, 
in ſuch manner that the ſeveral parts of the 
Thred might appear upon the Colours like ſo % 
many black Lines drawn over them, or like 
long and ſlender dark Shadows caſt upon them. 
I might have drawn black Lines with a Pen, 
but the Threds were ſmaller and better defined. 
This Paper thus coloured and lined I ſet againſt . 
a Wall perpendicularly to the Horizon, ſo that i 
one of the Colours might ſtand to the Right 
Hand, and the other to the Left. Cloſe before 
the Paper, at the Confine of the Colours below, | 
I placed a Candle to illuminate the Paper ſtrong- | 
Iy: For the Experiment was tried in the Night. 
'The Flame of the Candle reached up to the | 
lower edge of the Paper, or a very little higher. 
Then at the diſtance of fix Feet, and one or two 
Inches from the Paper upon the Floor I erected & 
2 Glaſs Lens four Inches and a quarter broad, | 7 

which 


Dako 


hich might collect the Rays coming from the 
ſeveral Points of the Paper, and make them con- 
erge towards ſo many other Points at the ſame 
Zgiſtance of fix Feet, and one or two Inches on 
che other fide of the Lens, and fo form the Image 
of the coloured Paper upon a white Paper placed 
there, after the ſame manner that a Lens at a 
Hole in a Window caſts the Images of Objects 
abroad upon a Sheet of white Paper in a dark 
Room. The aforeſaid white Paper, erected per- 
Fpendicular to the Horizon, and to the Rays 
co Fyhich fell upon it from the Lens, I moved 
Fomerimes towards the Lens, ſometimes from 


3 It, to find the Places where the Images of the 
. Plue and red Parts of the coloured _ appear- 
» Fed moſt diſtinct. Thoſe Places I cafily knew by 
0 the Images of the black Lines which I had made 


by winding the Silk about the Paper. For the 
Images of thoſe fine and ſlender Lines (which 
y reafon of their Blackneſs were like Shadows 
Son the Colours) were confuſed and ſcarce vift- 
ple, unleſs when the Colours on either fide of 
ach Line were terminated moſt diſtinctly, No- 
Wing therefore, as diligently as I could, the 
Places where the Images of the red and blue 


1 0 . 


© palfs of the coloured Paper appeared moſt di- 
” Mina, I found that where the red half of the 
5 Paper appeared diſtinct, the blue half appeared 
| onfuſed, ſo. that the black Lines drawn upon 
. Ft could ſcarce be ſeen; and on the contrary, 
3 here the blue half appeared moſt diſtinct, the 


Fed half appeared confuſed, fo that the black 
Lines upon it were ſcarce viſible. And between 
che two Places where theſe Images appeared 
| | NE: dof diſtinct 
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diſtinct there was the diſtance of an Inch and a T 


half; the diſtance of the white Paper from the 4 


Lens, when the Image of the red half of the co- 


loured Paper appeared moſt diſtinct, being greater 
by an Inch and an half than the diſtance of the 
ſame white Paper from the Lens, when the Image 


of the blue half appeared moſt diſtinct. In 


like Incidences therefore of the blue and red 
upon the Lens, the blue was refracted more by 
the Lens than the red, ſo as to converge ſooner by 


an Inch and a half, and therefore is more refran- 


gible. 


Tlluſiration. In the twelfth Figure, D E ſig- 2 


nifies the coloured Paper, DG the blue half, 
FE the red half, MN the Lens, H] the white 


Paper in that Place where the red half with its 
black Lines appeared diſtinct, and hi the ſame 3 
Paper in that Place where the blue half appeared 
diſtinct. The Place hi was nearer to the Lens 


MN than the Place H)] by an Inch and an 


half. ; 
Scbolium. The ſame Things ſucceed, notwith- 


ſtanding that ſome of the Circumſtances be va- 
ried ; as in the firſt Experiment when the Priſm 4 
and Paper are any ways inclined to the Hori- 
zon, and in both. when coloured Lines are 
drawn upon very black Paper. But in the De- 
ſcription of theſe Experiments, I have ſet down 
ſuch Circumſtances, by which either the Phæ- 
nomenon might be render'd more conſpicuous, 
or a Novice might more eaſily try them, or by 
which I did try them only. The ſame Thing, I} 


have often done in the following Experiments: 
Concerning all which, this one Admonition may! 
ſuffice. 


1 
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ſuffice. Now from theſe Experiments it follows 
be not, that all the Light of the blue is more refran- 

gible than all the Light of the red: For both 
ights are mixed of Rays differently refrangible, 
be ſo that in the red there are ſome Rays not leſs re- 

frangible than thoſe of the blue, and in the blue 
there are ſome Rays not more refrangible than 
ed. thoſe of the red: But theſe Rays, in proportion to 
the whole Light, are but few, and ſerve to dimi- 
Iniſh the Event of the Experiment, but are not 
able to deſtroy it. For, if the red and blue Co- 
F lours were more dilute and weak, the diſtance of 

the Images would be leſs than an Inch and a half; 
55 and if they were more intenſe and full, that di- 
> ſtance would be greater, as will appear hereafter. 


0 Theſe Experiments may ſuffice for the Colours of 
252 Natural Bodies. For in the Colours made by the 
0 Refraction of Priſms, this Propoſition will ap- 


pear by the Experiments which are now to fol- 


_ i low in the next Propoſition. 

h-Y PROP.IL Tazos. II. 

'A- 2 

im De Light of the Sun conſiſts of Rays 
ri- differently Refrangible. 
ire | | 

e- The PRO OF by Experiments. 

vn Exper. 3. IN a very dark Chamber, at a round 
- Hole, about one third Part of an 


us, Inch broad, made in the Shut of a Window, I 
by placed a Glaſs Priſm, whereby the Beam of the 
„I Sun's Light, which came in at that Hole, might 
be refracted upwards toward the oppoſite Wall 
4 9 af 
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of the Chamber, and there form a colour'd I- ³ 
mage of the Sun. The Axis of the Priſm (that 
is, the Line paſſing through the middle of the 
Priſm from one end of it to the other end pa- 
rallel to the edge of the Refracting Angle) was 
in this and the following Experiments perpen- I 
dicular to the incident Rays. About this Axis 
I turned the Priſm flowly, and ſaw the refrad- 3% 
ed Light on the Wall, or coloured Image of 
the Sun, firſt to deſcend, and then to aſcend. % 
Between the Deſcent and Aſcent, when the I 
mage ſeemed Stationary, I ſtopp'd the Priſm, 7 
and fix d it in that Poſture, that it ſhould be - © 
moved no more. For in that Poſture the Re- 
fractions of the Light at the two Sides of the 
refracting Angle, that is, at the Entrance of the 
Rays into the Priſm, and at their going out of 
it, were equal to one another &. So alſo in other 
Experiments, as often as I would have the Re- 
fractions on both ſides the Priſm to be equal ro 
one another, I noted the Place where the Image 
of the Sun formed by the refracted Light ſtood ? 
ſtill between its two contrary Motions, in the , 
common Period of its Progreſs and Regreſs; and 
when the Image fell upon that Place, I made c 
faſt the Prifm. And in this Poſture, as the moſt 
convenient, it is to be underſtood that all the 
Priſms are placed in the following Experiments, | 
unleſs where ſome other Poſture is deſcribed. | 
The Priſm therefore being placed in this Po- | 
ſture, I let the refracted Light fall perpendicu- 
Harly upon a Sheet of white Paper at the oppo- 
fite Wall of the Chamber, and obſerved the Fi- 


* See our Author's Lectiones Opticæ, Part I. $22. 1. $ 10. | 
6:8, II. f 29. and Sea, III. Prop. 25. gure 
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Fure and Dimenfions of the Solar Image form- 
it ed on the Paper by that Light. This Image 
© Fas Oblong and not Oval, but terminated with 
two Rectilinear and Parallel Sides, and two Se- 
micircular Ends. On its Sides it was bounded 
pretty diſtinctly, but on its Ends very confuſed- 
Ny and indiſtinctly, the Light there decaying 
and vaniſhing by degrees. The Breadth of this 
Image anſwered to the Sun's Diameter, and was 
about two Inches and the eighth Part of an 
Mach, including the Penumbra. For the Image 
was eighteen Feet and an half diſtant from the 
Priſm, and at this diſtance that Breadth, if di- 
miniſhed by the Diameter of the Hole in the 
Window-ſhut, that is by a quarter of an Inch, 
Wubrended an Angle at the Priſm of about half 
a Degree, which is. the Sun's apparent Diame- 
ter. But the Length of the Image was about ten 
Inches and a quarter, and the Length of the Re- 
Ctilinear Sides about eight Inches; and the re- 
fracting Angle of the Priſm, whereby ſo great a 
Length was made, was 64 degrees. With a leſs 


e Angle the Length of the Image was leſs, the 
d Hreadtb remaining the fame. If the Priſm was 
le turned about its Axis that way which made the 
ſt WM ays emerge more obliquely out of the ſecond 


Frefracting Surface of the Priſm, the Image ſoon + 
became an Inch or two longer, or more; and 
if the Priſm was turned about the contrary 
way, ſo as to make the Rays fall more obliquely 
Fon the firſt refracting Surface, the Image foon 
became an Inch or two ſhorter. And there- 
fore in trying this Experiment, I was as curi- 
Jous as I could be in placing the Priſm by the 

| C 4 above- 


oe 


above- mention d Rule exactly in ſuch a Poſture, |} 
that the Refractions of the Rays at their Emer- 
gence out of the Priſm might be equal to that 
at their Incidence on it. This Priſm had ſome 
Veins running along within the Glaſs from one 
end to the other, which ſcattered ſome of the 
Sun's Light irregularly, but had no ſenſible Ef- 
fect in increaſing the Length of the coloured 
Spectrum. For I tried the ſame Experiment 
with other Priſms with the ſame Succeſs. And 
particularly with a Priſm which ſeemed free 
from ſuch Veins, and whoſe refracting Angle 
was 623 Degrees, I found the Length of the 
Image 94 or 10 Inches at the diſtance of 181 
Feet from the Priſm, the Breadth of the Hole 
in the Window-ſhut being; of an Inch, as be- 
fore. And becauſe it is eaſy to commit a Mi- 
ſtake in placing the Priſm in its due Poſture, 1 
repeated the Experiment four or five Times, 
and always found the Length of the Image that 
which is ſet down above. With another Priſm 
of clearer Glaſs and better Poliſh, which ſeem- 
ed free from Veins, and whoſe refracting Angle Þ 
was 633 Degrees, the Length of this Image at 
the ſame diſtance of 181 Feet was alſo about 10 
Inches, or 101. Beyond theſe Meaſures for a- 
bout a: or ; of an Inch at either end of the 
Spectrum the Like of the Clouds ſeemed to be a 
little tinged with red and violet, but ſo very 
faintly, that I ſuſpected that Tincture might ei- 
ther wholly, or in great Meaſure ariſe from ſome ® 
Rays of the Spectrum ſcattered irregularly by ® 
ſome Inequalities in the Subſtance and Poliſh of 
dhe Glaſs, and therefore I did not include it in 
41 | i theſe 
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heſe Meaſures. Now the different Magnitude 
pf the hole in the Window: ſhut, and different 


re, 


. 
1 
- 
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Y 
_ 
: 


Nat Mhickneſs of the Priſm where the Rays paſſed 
me through it, and different inclinations of the 
ne Priſm to the Horizon, made no ſenſible chan- 
he ges in the length of the Image. Neither did 
f- the different matter of the Priſms make any: 
ed for in a Veſſel made of poliſhed Plates of Glaſs 


cemented together in the ſhape of a Priſm and 
filled with Water, there is che like Succeſs of 
the Experiment according to the quantity of 
the Refraction. It is farther to be obſerved, 
that the Rays went on in right Lines from the 
Priſm to the Image, and therefore at their ve 


ole going out of the Priſm had all that Inclina- 
be- tion to one another from which the length of 
li- the Image proceeded, that is, the Inclination of 
, I Fmore than two degrees and an half. And yet 
es, according to the Laws of Opticks vulgarly re- 
"at ceived, they could not poſſibly be ſo much incli- 
ſm ned to one another *. For let E G in Fig. 13.] re- 
m- Ypreſent the Window-ſhut, F the hole made there- 
zle in through which a beam of the Sun's Light 


vas tranſmitted into the darkned Chamber, and 
Ah a Triangular Imaginary Plane whereby the 
Priſm is feigned to be cut tranſverſly through 
che middle of the Light. Or if you pleaſe, let 


ABC repreſent the Priſm it ſelf, looking di- 
ry rectly towards the Spectator's Eye with its nearer 
ei- end: And let X Y be the Sun, MN the Pa- 
ne per upon which the Solar Image or Spectrum is 
by caſt, and PT the Image it {elf whoſe ſides to- 
of wards v and w are Rectilinear and Parallel, and 


ends towards P and T Semicircular. YKHP 


and 
See our Author's Zefiones Optica, Part. I. Sect. 1. J. 5. 


ction at L equal to the Refraction at H, fo that 


one another after Refraction which they had 


Priſm, and by Conſequence be equal to the 4 


be round. Thus it would be were the two 


or EECAS. 


and XL T are two Rays, the firſt of which | 5 
comes from the lower part of the Sun to the 
higher part of the Image, and is refracted in the 
Priſm at K and H, and the latter · comes from 
the higher part of the Sun to the lower part of 
the Image, and is refracted at L and J. Since 
the Refractions on both ſides the Priſm are e- 
qual to one another, that is, the Refraction at 
K equal to the Refraction at J, and the Refra- 


the Reſractions of the incident Rays at K and L $ 
taken together, are equal to the Refractions of 
the emergent Rays at H and ] taken together: fa 
it follows by adding equal things to equal things, 
that the Refractions at K and H taken together, 
are equal to the Refractions at ] and L taken 
together, and therefore the two Rays being e- 
qually refracted, have the ſame Inclination ro Þ 


before; that is, the Inclination of half a Degree 
anſwering to the Sun's Diameter. For ſo great 
was the Inclination of the Rays to one another 
before Refraction. So then, the length of the 
Image P T would by the Rules of Vulgar Op- 
ticks ſubtend an Angle of half a Degree at the | 


breadth vw; and therefore the Image would 1 


Rays XLJT and YKHP, and all the reſt which 
form the Image P w T v, alike refrangible. 
And therefore ſeeing by Experience it is found 
that the Image is not round, but about five times 
longer than broad, the Rays which going to the 
upper end P of the Image ſuffer the greateſt Re- 

| fraction, 
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ch faction, muſt be more refrangible than thoſe 
he | Which go to the lower end T, unleſs the Inequa- 
he Ry of Refraction be caſual. . 

m This Image or Spectrum P T was coloured, 
of Ping red at its leaft refracted end T, and vio- 
ce t at its moſt refracted end P, and 2 
e. Ween and blue in the intermediate Spaces. 


at Which agrees with the firſt Propofition, that 
a. Fights which differ in Colour, do alſo differ in 


at Nefrangibility. The length of the Image in the 
L Pregoing Experiments, I meaſured from the 
of SÞinteſt and outmoſt red at one end, to the 
r: Rinteſt and outmoſt blue at the other end, ex- 
gs, Epting only a little Penumbra, whoſe breadth 
er, Farce exceeded a quarter of an Inch, as was 
en p id above. | 

Exper. 4. In the Sun's Beam which was pro- 
Pagated into the Room through the hole in the 


Som the hole, I held the Priſm in ſuch a Po- 
ure, that its Axis might be perpendicular to 
Pat Beam. Then I looked through the Priſm 
pon the hole, and turning the Priſm to and 
Fo about its Axis, to make the Image of the 
Hole aſcend and deſcend, when between its 


Fopp'd the Priſm, that the Refractions of both 
des of the refracting Angle might be equal to 
Ich other, as in the former Experiment. In 
is Situation of the Priſm viewing through it 
e {aid Hole, I obſerved the length of its re- 
Facted Image to be many times greater than 
As breadth, and that the moſt refracted part 
hercof appeared violet, the leaſt refracted reds 
2 | | the 


/ 


indow-ſhut, at the diſtance of ſome Feet 


o contrary Motions it ſeemed Stationary, I - 


> 


ther caſual inequality of | 
ſame oblong Image would by a ſecond Refra- 


28 ers 


the middle parts blue, green and yellow in or- 
der. The fame thing happen d when I remo- 
ved the Priſm out of the Sun's Light, and look- 
ed through it upon the hole ſhining by the 
Light of the Clouds beyond it. And yet if the 
Refraction were done Oy according to 


one certain Proportion of the Sines of Inci- 


dence and Refraction as is vulgarly ſuppoſed, 


the refracted Image ought to have appeared 
round. 

So then, by theſe two Experiments it appears, 
that in equal Incidences there is a conſiderable 
inequality of Refractions. But whence this in- 
equality ariſes, whether it be that ſome of the 


incident Rays are refracted more, and others leſs, 


conſtantly, or by chance, or that one and the 
fame Ray is by Refraction diſturbed, ſhatter'd, 
dilated, and as it were fplit and ſpread into ma- 


ny diverging. Rays, as Grimaldo ſuppoſes, does 


not yet appear by theſe Experiments, but will 
appear by thoſe that follow. 

Exper. 5. Conſidering therefore, that if in 
the third Experiment the Image of the Sun 
ſhould be drawn out into an oblong Form, ei- 


ther by a Dilatation of w_ Ray, or by any 0- 
the Refractions, the 


ction made ſideways be drawn out as much in 
breadth by the like Dilatation of the Rays, or o- 
ther caſual inequality of the Refractions ſide- 
Ways, I tried what would be the Effects of ſuch 
a ſecond, Refraction. For this end I ordered 
all things as in the third Experiment, and then 
placed a ſecond Priſm immediately after the 


firſt 
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or 


firſt in a croſs Poſition to it, that it might again 
refract the beam of the Sun's Light which came 
to it through the firſt Priſm. In the firſt Priſm 
this beam was refracted upwards, and in the 
ſecond ſideways. And I found that by the Re- 
fraction of the ſecond Priſm, the breadth of the 
Image was not increaſed, but its ſuperior part, 
which in the firſt Priſm ſuffered the greater Re- 
fraction, and appeared violet and blue, did again 
in the ſecond Priſm ſuffer a greater Refraction 
than its inferior part, which appeared red and 
yellow, and this without any Dilatation of the 
Image in breadth. | 

Illuſtration. Let 8 in Fig. 14. ] repreſent 
the Sun, F the hole in the Window, ABC the 
firſt Priſm, D H the ſecond Priſm, Y the round 
Image of the Sun made by a direct beam of 
Light when the Priſms are taken away, PT 
the oblong Image of the Sun made by that beam 
paſſing through the firſt Priſm alone, when the 
ſecond Priſm is taken away, and pz the Image 
made by the croſs Refractions of both Priſms 
together. Now if the Rays which tend to-. 
wards the ſeveral Points of the round Image Y 
were dilated and ſpread by the Refraction of 
the firſt Priſm, ſo that they ſhould not any lon- 
ger go in ſingle Lines to fingle Points, but that 
every Ray being ſplit, ſhattered, and changed 
from a Linear Ray to a Superficies of Rays di- 
verging from the Point of Refraction, and ly- 
ing in the Plane of the Angles of Incidence and 
Refraction, they ſhould go in thoſe Planes to 
ſo many Lines reaching almoſt from one end of 


the Image PT to the other, and if that Image 
ſhould 
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ſhould thence become oblong: thoſe Rays and | 
their ſeveral parts tending towards the ſeveral | 
Points of the Image PT ought to be again di- 


lated and ſpread fideways by the tranſverſe 
Refraction of the ſecond Priſm, fo as to com- 
poſe a four ſquare Image, fuch as is repreſented 
at l. For the better underſtanding of which, 
let the Image P IT be diſtinguiſhed into five e- 


qual parts PQK, KQRL, LRSM, MSVN, 


N VT. And by the fame irregularity that the 


orbicular Light V is by the Refraction of the 


firſt Priſm dilated and drawn out into a lor 


Image PT, the Light P QF which takes up a | 

and breadth with the 
Light Y ought to be by the Refraction of the | 
ſecond Priſm dilated and drawn out into the | 
long Image 2 5A p, and the Light K QR L into 


ſpace of the ſame length 


the long Image r, and the Lights LRS M, 
MS VN, NV T, into ſo many other long - 


mages [r sm, msvn, nt; and all theſe long 


Images would compoſe the four ſquare Image 
71. Thus it ought to be were every Ray dila- 
ted by Refraction, and ſpread into a triangular 
Superficies of Rays diverging from the Point 
of Refraction. For the ſecond Refraction 
would ſpread the Rays one way as much as the 
firſt doth another, and ſo dilate the Image in 
breadth as much as the firſt doth in length. 
And the ſame thing ought to happen, were 
ſome Rays caſually refracted more than others. 
But the Event is otherwiſe. The Image PT 
was not made broader by the Refraction of the 
ſecond Priſm, but only became oblique, as tis 
repreſented at pt, its upper end P being X 
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; the Refraction tranſlated to a greater diſtance than 
its lower end T. So then the Light which went 


towards the end P of the Image, was (at 
equal incidences) more refracted in the Sal 
Priſm, than the Light which tended towards the 
lower end T, chat is the blue and violet, than the 
red and yellow; and therefore was more refran- 
gible. The ſame Light was by the Refraction of 
the firſt Priſm tranſlated farther from the place 
Y to which it tended before Refraction; and 
therefore ſuffered as well in the firſt Priſm as in 
the ſecond a greater Refraction than the reſt of 
the Light, and by conſequence was more refran- 
gible than the reſt, even before its incidence on 
the firſt Priſm, | | | 

Sometimes I placed a third Priſm after the 
ſecond, and ſometimes alſo a fourth after the 
third, by all which the Image might be often 
refracted fideways: but the Rays which were 
more refracted than the reſt in the firſt Priſm 
were alſo more refracted in all the reſt, and that 
without any Dilatation of the Image ſide ways: 
and therefore thoſe Rays for their conſtancy of a 
greater Refraction are deſervedly reputed more 
refrangible. | 

But that the meaning of this Experiment may 
more clearly appear, it is to be conſidered that 
the Rays which are equally refrangible do fall 
upon a Circle anſwering to the Sun's Diſque. 
For this was proved in the third Experiment. 
By a Circle I underſtand not here a perfect geo- 
metrical Circle, but any orbicular Figure whofe 
length is equal to its breadth, and which, as 
to Senſe, may ſeem circular, Let therefore A G 


| [in 
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[in Fig. 15.] repreſent the Circle which all the | 
moſt refrangible Rays propagated from the | 
whole Diſque of the Sun, would illuminate and 

aint upon the oppoſite Wall if they were a- | 
— - EL the Circle which all the leaſt refran- 


gible Rays would in like manner illuminate and 


paint if they were alone; BH, CJ, DK, the 
Circles which ſo many intermediate ſorts of 
Rays would ſucceſſively paint upon the Wall, | 
if they were ſingly propagated from the Sun | 
in ſucceſſive order, the reſt being always inter- 
cepted ; and conceive that there are other in- 
termediate Circles without Number, which 
innumerable other intermediate ſorts of Rays | 
would ſucceſſively paint upon the Wall if the | 
Sun ſhould ſucceſſively emit every ſort apart. 
And ſeeing the Sun emits all theſe ſorts at once, 
they mult all rogether illuminate and paint in- | 


numerable equal Circles, of all which, being 
according to their degrees of Refrangibility 
pou in order in a continual Series, that ob- 


ong Spectrum P T is compoſed which I deſcri- | 


bed in the third Experiment. Now if the 
Sun's circular Image Y [| in Fig. 14, 15.] which 
is made by an unrefracted beam of Light was 


by any Dilation of the ſingle Rays, or by any | 


other irregularity in the Refraction of the firſt 
Priſm, converted into the oblong Spectrum, 
PT: then ought every Circle AG, BH, C]. 


Sc. in that Spectrum, by the croſs Refraction 


of the ſecond Priſm again dilating or otherwiſe 
ſcattering the Rays as before, to be in like man- 


ner drawn out and transformed into an oblong | 


Figure, and thereby the breadth of the Image 
. 
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PT would be now as much augmented as the 
length of the Image V was before by the Refra- 


ction of the firſt Priſm; and thus by the Refra- 
ctions of both Priſms together would be formed 


a four ſquare Figure pf, as I deſcribed a- 


bove. Wherefore ſince the breadth of the Spe- 
ctrum PT is not increaſed by the Refraction 
ſideways, it is certain that the Rays are not ſplit 
or dilated, or otherways irregularly ſcatter'd 
by that Refraction, but that every Circle is by 
a regular and uniform Refraction tranſlated - 
entire into another Place, as the Circle A G 
by the greateſt Refraction into the place 4 g, 
the Circle BH by a leſs Refraction into the 
place 6 b, the Circle C] by a Refraction ſtill 
leſs into the place ci, and ſo of the reſt; by 
which means a new Spectrum p; inclined to 
the former P T is in-like manner compoſed of 
Circles lying in a right Line; and theſe Curcles 
muſt be of the ſame bigneſs with the former, 
becauſe the breadths of all the Spectrums V, 
PT and pt at equal diſtances from the Priſms 
are equal. Eo 
I conſidered farther, that by the breadth of 
the hole F through which the Light .enters in- 
to the dark Chamber, there is a Penumbra 
made in the Circuit of the Spectrum V, and 
that Penumbra remains in the rectilinear Sides 
of the. Spectrums P T and pf. I placed there- 
fore at that hole a Lens or Object-glaſs of a Te- 
leſcope which might caſt the Image of the Sun 
diſtinctly on Y without any Penumbra at all, 
and found that the Penumbra of the rectilinear 
Sides of the oblong Spectrums PT and pt was 
D alſo 
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alſo thereby taken away, ſo that thoſe Sides ap- 
peared as diſtinctly defined as did the Circum- | 
ference of the firſt _ V. Thus it happens 
if the Glaſs of the Priſms be free from Veins, 
and their Sides be accurately plane and wel! 


poliſhed without thoſe numberleſs Waves or . 


Curles which uſually ariſe from Sand-holes a a 


little ſmoothed in poliſhing with Putty. If the | 


Glaſs be only well poliſhed and free from Veins, | 


and the Sides not accurately plane, but a little 
Convex or Concave, as it frequently happens; e 
yet may the three Spectrums Y, PT and pf 


want Penumbras, but not in equal diſtances ' 


from the Priſms. Now from this want of Pe- 
numbras, I knew more certainly that every one "5 
of the Circles was refracted according to ſome 


moſt regular, uniform and conſtant Law. For 
if there were any irregularity in the Refraction, 
the right Lines AE and GL, which all the Cir- 
cles in the Spectrum PT do touch, could not 
by that Refraction be tranſlated into the Lines 
ae and g 1 as diſtin and ſtraight as they were 
before, but there would ariſe in thoſe tranſlated ' 
Lines fome Penumbra or Crookedneſs or Un- 
dulation, or other ſenſible Perturbation contrary |! 
to what is found by Experience. Whatſoever | 
Penumbra or Perturbation ſhould be made in the | 
Circles by the croſs Refraction of the ſecond | 

Priſm, all that Penumbra or Perturbation would s 
be conſpicuous 'in the right Lines ae and gl | 
which touch thoſe Circles. And therefore fince | 


there is no ſuch Penumbra or Perturbation in 


thoſe right Lines, there muſt be none in the Cir- 


cles. Since the diſtance between thoſe Tangents 
3 or 


F fo 
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r breadth of the Spectrum is not increaſed 


y che Refractions, the Diameters of the Circles 
Are not increaſed thereby. Since thoſe Tangents 
Fcontinue to be right Lines, every Circle which 
In the firſt Priſm is more or leſs refracted, is 
exactly in the ſame proportion more or leſs re- 
fracted in the ſecond. And ſeeing all theſe 
things continue to ſucceed after the ſame man- 
Fer when the Rays are again in a third Priſm, - 
and again in a fourth refracted fideways, it is 
evident that the Rays of one and the fame Circle, 
s to their degree of Refrangibility, continue al- 
ways uniform and homogeneal to one another, 
and that thoſe of ſeveral Circles do differ in de- 
2 Feree of Refrangibility, and that in ſome certain 
nd conſtant Proportion. Which is the thing I 
vas to prove. 2 4p 
Y There is yet another Circumſtance or two of 
this Experiment by which it becomes {till more 
plain and convincing. Let the ſecond Priſm 
DH [in Fig. 16.] be placed not immedi- 
Fatcly after the firſt, but at ſome diſtance 
from it; ſuppoſe in the mid-way between it 
Fand the Wall on which the oblong Spectrum 
PT is caſt, fo that the Light from the firſt 
FPriſm may fall upon it in the form of an ob- 
long Spectrum 7 parallel to this ſecond Priſm, 
and be refracted ſideways to form the oblong 
Spectrum pt upon. the Wall. And you will 
I find as before, that this Spectrum pt is inclined 
Fro that Spectrum PT, which the firſt Priſm 
forms alone without the ſecond; the blue ends 
P and p being farther diſtant from one another 
chan the red ones T and t, and by conſequence 
| D 2 | that 
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that the Rays which go to the blue end of 
the Image = 1, and which therefore ſuffer the 
_ greateſt Refraction in the firſt Priſm, are again 
in the ſecond Priſm more refracted than the 
reſt. | - 
The ſame thing I try'd alſo by letting the 
Sun's Light into a dark Room through two lit- 
tle round holes F and ꝙ [in Fig. 17.] made in 
the Window, and with two parallel Priſms 
ABC and a g placed at thoſe holes (one at 
each) refracting thoſe two beams of Light to 
the oppoſite Wall of the Chamber, in ſuch man- 
ner that the two colour'd Images PT and MN 
which they there painted were joined end to end 
and lay in one ſtraight Line, the red end T of 
the one touching the blue end M of the other. 
For if theſe two refracted Beams were again 
by a third Priſm DH placed croſs to the two 
firſt, refracted ſideways, and the Spectrums 
thereby tranſlated to ſome other part of the 
Wall of the Chamber, ſuppoſe the Spectrum 
PT to pt and the Spectrum MN to n, theſe * 
tranſlated Spectrums pf and m7 would not lie 
if in one ſtraight Line with their ends contiguous ©: 
as before, but be broken off from one another 
and become parallel, the blue end of the I- 
ö mage m7 being by a greater Refraction tran- 
| flared farther from its former place MT, than 
[i the red end F of the other Image pf from the 
| ſame place MT; which puts the Propoſition 
paſt Diſpute. And this happens E 1 the 
third Priſm D H be placed immediately after 
the two firſt, or at a great diſtance from 
them, ſo that the Light refracted in the = | 
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firſt Priſms be either white and circular, or co- 
e loured and oblong when it falls on the third. 
n Exper. 6. In the middle of two thin Boards 
e I made round holes a third part of an Inch in 
diameter, and in the Window-ſhut a much 
e broader hole being made to let into my dark- 
ned Chamber a large Beam of the Sun's Light; 
n II placed a Priſm behind the Shut in that beam 
s to refract it towards the oppoſite Wall, and 
t IF cloſe behind the Priſm I fixed one of the Boards, 
o in ſuch manner that the middle of the refracted 
Light might paſs through the hole made in it, 
and the reſt be intercepted by the Board. Then 
d Þ at the diſtance of about twelve Feet from the 
f firſt Board I fixed the other Board in ſuch man- 
r. ner, that the middle of the refracted Light which 
n came through the hole in the firſt Board, and 
o fell upon the oppoſite Wall, might paſs through 
15 IF the hole in this other Board, and the reſt being 
e JF intercepted by the Board might paint upon it 
n JF the coloured Spectrum of the Sun. And cloſe 
e behind this Board I fixed another Priſm to re- 
e fract the Light which came through the hole. 
s Then I returned ſpeedily to the firſt Priſm, and 
r by turning it ſlowly to and fro about its Axis, 
I h cauſed the Image which fell upon the ſecond 
Board to move up and down upon that Board, 
n that all its parts might ſucceſſively paſs through 
the hole in that Board and fall upon the Priſm 
behind it. And in the mean time, I noted the 
places on the oppoſite Wall to which that Light 
after its Refraction in the ſecond Priſm did paſs; 
and by the difference of the places I found thar 
the Light which being moſt refracted in the 
D 3 | firſt 
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firſt Priſm did go to the blue end of the Image, 
was again more refracted in the ſecond Priſm 
than the Light which went to the red end of 
that Image, which proves as well the firſt Pro- 
poſition as the ſecond. And this happened whe- 
ther the Axis of the two Priſms were parallel, or 
inclined to one another, and to the Horizon in 
any given Angles. ita wer tin b, J 
Tlluftration. Let F | in Fig. 18.] be the wide 
hole in the Window-ſhut, through which the 
Sun ſhines upon the firſt Priſm A BC, and let 

the refracted Light fall upon the middle of the 
Board DE, and the middle part of that Light 
upon the hole G made in the middle part of that 
Board. Let this trajected part of that Light 
fall again upon the middle of the ſecond Board 
de, and there paint ſuch an oblong coloured I- 
mage of the Sun as was deſcribed in the third 
Experiment. By turning the Priſm A B C flow- 3 
ly to and fro about its Axis, this Image will be 
made to move up and down the Board de, 
and by this means all its parts from one end to 
the other may be made to paſs ſucceſſively 
through the hole g which is made in the mid- 

dle of that Board. In the mean while another 
Priſm a bc is to be fixed next after that hole g. 
to refract the trajected Light a ſecond time. 
And theſe things being thus ordered, I marked 
the places M and N of the oppoſite Wall upon 
which the refracted Light fell, and found that 
whilſt the two Boards and ſecond Priſm re- 
mained unmoved, thoſe places by turning the 
firſt Priſm about its Axis were - — perpe- 
pually. For when the lower part of the Light 
| : - - "_m_ 
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1 which fell upon the ſecond Board 4 ewas caſt 


through the hole g, it went to a lower place M 
on the Wall, and when the higher part of that 
Light was caſt through the ſame hole g, it went 
to a higher place N on the Wall, and when any 
intermediate part of the Light was caſt through 
that hole, it went to ſome place on the Wall be- 
tween Mand N. The unchanged Poſition of 
the holes in the Boards, made the Incidence 
of the Rays upon the ſecond Priſm to be the 
ſame in all caſes. And yet in that common In- 
cidence ſome of the Rays were more refracted, 
and others leſs. And thoſe were more refracted 
in this Priſm, which by a greater Refraction in 
the firſt Priſm were more turned out of the 
way, and therefore for their Conſtancy of being 
more retracted are deſervedly called more refran- 

gible. | 
Exper. 7. At two holes made near one ano- 
ther in my Window-ſhut I placed two Priſms, 
one at each, which might caſt upon the oppo- 
ſite Wall (after the manner of the third Expe- 


riment) two oblong coloured Images of the 


Sun. And at a little diſtance from the Wall I 
placed a long flender Paper with ſtraight and pa- 
rallel edges, and ordered the Priſms and Pa- 
per ſo, that the red Colour of one Image might 
tall directly upon one half of the Paper, and 
the violet Colour of the other Image upon the 
other half of the ſame Paper; ſo that the Pa- 
per appeared of two Colours, red and violet, 
much after the manner of the painted Paper 
in the firſt and ſecond Experiments. Then 
with a black Cloth I covered the Wall behind 

© the 
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the Paper, that no Light might be reflected from 


it to diſturb the Experiment, and viewing the 
Paper through a third Priſm held parallel to it, 
I faw that half of it which was illuminated by ? 
the violet Light to be divided from the other 
- half by a greater Refraction, eſpecially when 1 
went a good way off from the Paper. For 
when I viewed it too near at hand, the two half? 
of the Paper did not appear fully divided from 
one another, but ſeemed contiguous at one of 
their Angles like the painted Paper in the firſt 
Experiment. Which alſo happened when the 
Paper was too broad. | 
Sometimes inſtead of the Paper I uſed a white 
Thred, and this appeared through the Priſm 
divided into two parallel Threds- as is repre- 
ſented in the nineteenth Figure, where DG 
denotes the Thred illuminated with violet Light * 
from D to E and with red Light from F to G, 
and de fg are the parts of the Thred ſeen by 
Refraction. If one half of the Thred be con- 
ſtantly illuminated with red, and the other half 
be illuminated with all the Colours ſucceſſively, 
(which may be done by cauſing one of the 
Priſms to be turned about its Axis whilſt the 
other remains unmoved) this other half in view- 
ing the Thred through the Priſm, will appear 
in a continual right Line with the firſt half when 
illuminated with red, and begin to be a little 
divided from it when illuminated with Orange; 
and remove farther from it when illuminated 
with yellow, and {till farther when with green, 
and farther when with blue, and go yer farther 
off when illuminated with Indigo, and fartheſt 
e owe na FT wk 
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when with deep violet. Which plainly ſhews, 


that the Lights of ſeveral Colours are more and 
more refrangible one than another, in this Order 


Jof their Colours, red, orange, yellow, green, 


blue, indigo, deep violet; and ſo proves as well 
the firſt Propoſition as the ſecond. = 

I cauſed alſo the coloured Spectrums PT 
5 Fig. 17.] and MN made in a dark Cham- 

r by the Refractions of two Priſms to lie in 
a Right Line end to end, as was deſcribed above 
in fifth Experiment, and viewing them 
through a third Priſm held parallel to their 
pn, 7 they appeared no longer in a Right 
Line, but became broken from one another, as 
they are repreſented at pf and u, the violet 
end m of the Spectrum mn being by a greater 
Refra&tion tranſlated farther from its former 
Place MT than the red end ? of the other 
Spectrum pt. Bo "I 1 

I farther cauſed thoſe two Spectrums PT 
[in Fig. 20.] and MN to become co-incident 
in an mverted Order of their Colours, the red 
end of each falling on the violet end of the o- 
ther, as are repreſented in the oblong Fi- 
gure PTMN ; and then viewing them through 
a Priſm DH held parallel to their Length, they 
appeared not co-incident, as when view'd with 

e naked Eye, but in the form of two diſtinct 
Spectrums pt and mn croſſing one another in 
the middle after the manner of the Letter X. 
Which ſhews that the red of the one Spectrum 
and violet of the other, which were co- incident 
at PNand MT, being parted from one another 
by a greater Refraction of ths violet to p and m 
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than of the red to n and 2, do differ in degrees of 
| Refrangibility. 4 


[ 


*% 
\ 
wa 


I illuminated alſo a little Circular Piece of | 


white Paper all over with the Lights of both 
Priſms intermixed, and when it was illumina- 
ted with the red of one Spectrum, and deep 
violet of the other, ſo as by the Mixture of 


thoſe Colours to appear all over purple, I view- 


ed the Paper, firſt at a leſs diſtance, and then 
at a greater, through a third Priſm; and as 1 


went from the Paper, the refracted Image there- 


of became more and more divided by the une- 
qual Refraction of the two mixed Colours, and 
at length parted into two diſtinct Images, a red 
one and a violet one, whereof the violet was 

fartheſt from the Paper, and therefore ſuffered 
the greateſt Refraction. And when that Priſm 


at the Window, which caſt the violet on the Pa- 
per was taken away, the violet Image diſap- 
peared ; but when the other Priſm. was taken 
away the red vaniſhed ; which ſhews, that theſe ? 
two Images were nothing, elſe than the Lights 


of the two Priſms, which had been intermuxed 


on the purple Paper, but were parted, again by 


Priſm, through which the Paper 


their unequal Refractions made in the third 
was view'd. 


This alſo was obſervable, that if one of the 
Priſms at the Window, ſuppoſe that which caſt 
the violet on the Paper, was turned about its 
Axis to make all the Colours in this order, vio- 
let, indigo, blue, green, yellow, orange, red, 


fall ſucceſſively on the Paper from that Priſn, 


the violet Image changed Colour accordingly, 


turning ſucceſſively to indigo, blue, green, 7 4 
8 ow | 
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low and red, and in changing Colour came nearer 
and nearer to the red Image made by the other 
Priſm, until when it was alſo red both lrnages, be- 
came fully co- incident. 
a- I placed alſo two Paper Circles very near one 
ep another, the one in the red Light of one Priſm, 
of and the other in the violet Light of the other. 
The Circles were each of them an Inch in diame- 
n ter, and behind them the Wall was dark, that the 
LExperiment might not be diſturbed by any Light 
e- coming from thence. Theſe Circles thus illu- 
minated, I viewed through a Priſm ſo held, that 
the Refraction might be made towards che red 
Circle, and as I went from them they came nearer 
and nearer together, and at . became co- 
incident; and afterwards when went ſtill far- 
ther off, they parted again in a contrary Order; 
the violet by a greater Refraction being carried 
beyond the red. 73 

. 8. In Summer, ien this Sun's Lig he 
uſes to be ſtrongeſt, I placed a Priſm at = 
Hole of the Window-ſhut, as in the third Expe- 
riment, yet ſo that its Axis might be parallel to 
the Axis of the World, and at the oppolite 
Wall in the Sun's refracted Light, I placed an 
open Book. Then going ſix Feet and two Inches 
from the Book, I placed there the above- 
mentioned Lens, by which the Light reflected 
from the Book might be made to converge and 
meet again at the diſtance of ſix Feet and two 
Inches behind the Lens, and there paint the 
Species of the Book upon a Sheet of white Pa- 
per much after the manner of the ſecond Ex- 


periment. The Book and Lens being made faſt, 
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IT noted the Place where the Paper was, when 
the Letters of the Book, illuminated by the 


fulleſt red Light of the Solar Image falling upon 


it, did caſt their Species on that Paper moſt 
diſtinctly: And then I ſtay'd till by the Motion 
of the Sun, and conſequent Motion of his Image 
on the Book, all the Colours from that red to 


the middle of the blue paſs'd over thoſe Let- 


ters; and when thoſe Letters were illuminated 
by that blue, I noted again the Place of the Pa- 


per when they caſt their Species moſt diſtinctly 


upon it: And I found that this laſt Place of the f 


Paper was nearer to the Lens than its former 


Place by about two Inches and an half, or two | 


and three quarters. So much ſooner therefore 
did the Light in the violet end of the Image 


by a greater Refraction converge and meet, 
than the Light in the red end. But in trying 
this, the Chamber was as dark as I could make © 
it. For, if theſe Colours be diluted and weak- | 


ned by the Mixture of any adventitious Light, 
the diſtance between the Places of the Paper 
will not be ſo great. This diſtance in the ſe- 
eond Experiment, where the Colours of natural 
Badies were made uſe of, was but an Inch and 


an half, by reaſon of the Imperfection of thoſe | 


Colours. Here in the Colours of the Priſm, 
which are manifeſtly more full, intenſe, and 
lively than thoſe of natural Bodies, the diſtance 
1s two Inches and three quarters. And were the 
Colours ſtill more full, I queſtion not but that 
the diſtance would be conſiderably greater. For 
the coloured Light of the Priſm, by the inter- 
iering of the Circles deſcribed in the ſecond 

| | Figure 
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Figure of the fifth Experiment, and alſo by the 
Light of the very bright Clouds next the Sun's 
Body intermixing with theſe Colours, and by 
the Light ſcattered by the Inequalities in the 
Poliſh of the Priſm, was ſo 4 much com- 
pounded, that the Species which thoſe faint and 
dark Colours, the indigo and violet, caſt upon 
the Paper were not diſtinct enough to be well ob- 
ſerved. | 

Exper. 9. A Priſm, whoſe two Angles at its 
Baſe were equal to one another, and half right 
ones, and the third a right one, I placed in a 
Beam of the Sun's Light let into a dark Cham- 
ber through a Hole in the Window-ſhur, as in 
the third Experiment. And turning the Priſm 
ſlowly about its Axis, until all the Light which 
went through one of its Angles, and was refract- 
ed by it began to be reflected by its Baſe, ar 
which till then it went out of the Glaſs, I ob- 
ſerved that thoſe Rays which had ſuffered the 
greateſt Refraction were ſooner reflected than 
the reſt. I conceived therefore, that thoſe Rays 
of the reflected Light, which were moſt re- 
'F frangible, did firſt of all by a total Reflexion 
become more copious in that Light than the 


* * "6 WE TT 2 
8 5 TR — 
. 1 4 ow 


| reſt, and that afterwards the reſt alſo, by a total 


Reflexion, became as copious as theſe. 'To t 
this, I made the reflected Light paſs throug 


another Priſm, and being refracted by it to fall 


afterwards upon a Sheet of white Paper placed 

. at ſome diſtance behind ir, and there by that 

Refraction to paint the uſual Colours of the 
Priſm. And then cauſing the firſt Priſm to be 
turned about its Axis as above, I obſerved — 

Wnen 
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when thoſe Rays, which in this Priſm had ſuf- 
fered the greateſt Refraction, and appeared of a 
blue and violet Colour began to be totally re- 


* 
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flected, the blue and violet Light on the Paper, Wh 


which was moſt refracted in the ſecond Priſm, * 
received a ſenſible Increaſe above that of the 
red and yellow, which was leaſt refracted; and 
afterwards, when the reſt of the Light which 


was green, yellow, and red, began to be totally 


reflected in the firſt Priſm, the Light of thoſe ö 


Colours on the Paper received as great an In- 


creaſe as the violet and blue had done before. } 
Whence tis manifeſt, that the Beam of Light 


reflected by the Baſe of the Priſm, being aug- 
mented firſt by the more refrangible Rays, and 


afterwards by the leſs refrangible ones, is com- 
pounded of Rays differently refrangible. And 


that all ſuch reflected Light is of the ſame Na- 1 
ture with the Sun's Light before its Incidence 


on the Baſe of the Priſm, no Man ever doubt- 


ed; it being generally allowed, that Light by i 
ſuch Reflexions ſuffers no Alteration in its Modi- 2? 
fications and Properties, I do not here take No- 


tice of any Refractions made in the ſides of the 


firſt Priſm, becauſe the Light enters it perpendi- 
cularly at the firſt fide, and goes out perpendicu- 


larly at the ſecond fide, and therefore ſuffers 
none. So then, the Sun's incident Light being of 


the ſame Temper and Conſtitution with his emer- 


gent Light, and the laſt being compounded of 


ays differently refrangible, the firſt muſt be in 
like manner compounded. 

Lluſtration. In the twenty-firſt Figure, ABC 

is the firſt Priſm, BC its Baſe, E and C its 

; equal 
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equal Angles at the Baſe, each of 45 Degrees, 
A its rectangular Vertex, FM a beam of the 
Fun's Light let into a dark Room through a 
ole F one third part of an Inch broad, M its 
Incidence on the Baſe of the Priſm, MG a leſs 
Frefracted Ray, MH a more refracted Ray, MN 


he beam of Light reflected from the Baſe, 
X Y the ſecond Priſm by which this beam in 


¶paſſing through it is refracted, N # the leſs re- 
Wtracted Light of this beam, and Ny the more 
FWrefracted part thereof. When the firſt Priſm 
ABC is turned about its Axis according to the 
order of the Letters ABC, the Rays MH e- 
merge more and more obliquely out of that 
PFriſm, and at length after their moſt oblique 
Emergence are reflected towards N, and going 
Jon to þ do increaſe the Number of the Rays 
Ne. Afterwards by continuing the Motion of 


he fic Priſm, the Rays M G are alſo reflected 


to N and increaſe the number of the Rays N. 


| And therefore the Light MN admits into its 
cCompoſition, firſt the more refrangible Rays, 
and then the leſs refrangible Rays, and yet af- 


ter this Compoſition is of the ſame Nature with 
the Sun's immediate Light F M, the Reflexion 
of che ſpecular Baſe B C cauſing no Alteration 
therein. 


Exper. 10. Two Priſms, which were alike 
in Shape, I tied ſo together, chat their Axis and 


Appoſite Sides being parallel, chey compoſed a 


F Parallelopiped. And, the Sun ſhining into my 


dark Chamber through a little hole in the Win- 
dow-ſhut, I placed that Parallelopiped in his 
beam at ſome diſtance from the hole, in ſuch a 

' _ Poſture, 
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Poſture, that the Axes of the Priſms might be 4 | 


perpendicular to the incident Rays, and that 
thoſe Rays being incident upon the firſt Side 
of one Priſm, might go on through the two 
contiguous Sides of both Priſms, and emerge 
out of the laſt Side of the ſecond Priſm. This 3 
Side being parallel to the firſt Side of the firſt 
Priſm, cauſed the emerging Light to be paral- 
fel to the incident. Then, beyond theſe two 
4 might refract 
that emergent Light, and by that Refraction 


Priims I placed a third, whic 


| 


caſt the uſual Colours of the Priſm upon the 


oppoſite Wall, or upon a ſheet of white Paper 


held at a convenient Diſtance behind the Priſm FW 
for that refracted Light to fall upon it. After i 


this I turned the Parallelopiped about its Axis, 
and found that when the contiguous Sides of 
the two Priſms became ſo oblique to the inci- 


dent Rays, that thoſe Rays began all of them to F \ 


be reflected, thoſe Rays which in the third 


Priſm had ſuffered the greateſt Refraction, and p 
painted the Paper with violet and blue, were e 


firſt of all by a total Reflexion taken out of the 
tranſmitted Light, the reſt remaining and on 


the Paper painting their Colours of green, yel- i 


low, orange and red, as before; and afterwards |? 
by continuing the Motion of the two Priſms, 
the reſt of the Rays alſo by a total Reflexion 
vaniſhed in order, according to their degrees 
of Refrangibility. The Light therefore which 
emerged out of the two Priſms is compound- 
ed of Rays differently refrangible, ſeeing the |! 


more refrangible Rays may be taken out of it, 


while the leſs refrangible remain. But this 
Light | 
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de Tight being trajected only through the parallel 
at Puperficies of the two Priſms, if it ſuffer'd any 
e hange by the Refraction of one Superficies it 
Moſt that Impreſſion by the contrary Refraction 
f rhe other Superficies, and ſo being reſtor'd to 
Ws priſtine Coriſtitution, became of the ſame Na- 


n thoſe Priſms; and therefore, before its Inci- 
Wence, was as much compounded of Rays diffe- 
ently refrangible, as afterwards, a 

Illuſtration. In the twenty ſecond Figure 
ABC and BCD are the two Priſms tied together 
In the form of a Parallelopiped, their Sides 
C and CB being contiguous, and their Sides 
AB and CD parallel. And H] K is the third 


s, Priſm, by which the Sun's Light propagated 
of Whrough the hole F into the dark Chamber, and 
here paſſing through thoſe ſides of the Priſms 
o RB, BC, CB and CD, is refracted at O to 
f he white Paper P T, falling there partly upon 
| 


by a greater Refraction, partly upon T by a 
Wels Refraction, and partly upon R and other in- 


By turning the Parallelopiped AC B D about its 
Aris, according to the order of the Letters A, 
. D, B, at length when the contiguous Planes 
WBC and CB become {ſufficiently oblique to the 
gays F M, which are incident upon them at M, 
Where will vaniſh totally out of the refracted 
ight OP T, firſt of all the moſt refracted Rays 
P, (the reſt OR and O T remaining as be- 


1e ore) then the Rays O R and other intermedi- 
t, ; Ke ones, and laſtly, the leaſt refracted Rays OT. 
us For when the Plane BC becomes ſufficiently 


* 
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re and Condition as at firſt before its Incidence 


Fermediate places by intermediate Refractions. 
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oblique to the Rays incident upon it, thoſe 
Rays will begin to be totally reflected by it to- 
wards N; and firſt the moſt refrangible Rays 
will be totally reflected (as was explained in 
the preceding Experiment) and by Conſequence 
muſt firſt diſappear at P, and afterwards the 
. reſt as they are in order totally reflected to N, 
they muſt diſappear in the ſame order at R 
and T. So then the Rays which at O ſuf- 
fer the greateſt Refraction, may be taken out 
of the Light MO whilſt the reſt of the Rays 
remain in it, and therefore that Light MO 
is compounded of Rays differently refrangi- 
ble. And becauſe the Planes AB and CD/ 
are parallel, and therefore by equal and con- 
trary Refractions deſtroy one anothers Ef- 
fects, the incident Light F M muſt be of the 
ſame Kind and Nature with the emergent Light 
MO, and therefore doth alſo conſiſt of Rays 
differently refrangible. Theſe two Lights F M 
and M O, before the moſt refrangible Rays are 
ſeparated: out of the emergent Light MO, a- 
gree in Colour, and in all other Properties d 
far as my Obſervation reaches, and therefore 
are deſervedly reputed of the ſame Nature and 
Conſtitution, and by Conſequence the one i, 
compounded as well as the other. But after Ile 
the moſt refrangible Rays begin to be totally t 
reflected, and thereby ſeparated out of the e- 
mergent Light M O, that Light changes its Co- 
Jour from white to a dilute and faint yellow. 
a pretty good orange, a very full red ſucceſ-| tl 
ſiwely, and then totally vaniſhes. For after the. 
molt refrangible Rays which paint the Paper af 
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le 1 
Frion taken out of the beam of Light MO, the 
Weſt of the Colours which appear on the Paper 
It R and T being mix d in the Light MO 
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P with a purple Colour, are by a total Refle- 


ompound there a faint yellow, and after the 


blue and part of the green which appear on the 
Paper between P and R are taken away, the reſt 
which appear between Rand T (that is the yel- 
low, orange, red and a little green) being mix- 
Jed in the beam M O compound there an orange; 


nd when all the Rays are by Reflexion taken 


out of the beam M O, except the leaſt refran- 


gible, which at T appear of a full red, their 


Colour is the ſame in that beam M O as after- 
wards at T, the Refraction of the Priſm H] K 
¶ſerving only to ſeparate the differently refrangible 


Rays, without making any Alteration in their 
Colours, as ſhall be more fully proved hereafter. 
All which confirms as well the firſt Propoſition 


Jas the ſecond, | 


Scholium. If this Experiment and the former 


be conjoined and made one by applying a fourth 
J Priſm VXY [in Lig. 22.] to retract the reflected 


beam MN towards / p, the Concluſion will be 


J clearer. For then the Light Ny which in the 
fourth Priſm is more refracted, will become ful- 


ler and ſtronger when the Light OP, which in 


the third Priſm H] K is more refracted, va- 


niſhes at P; and afterwards when the leſs re- 


fracted Light O T vaniſhes at T, the leſs re- 


J fracted Light N will become increaſed whilſt 


the more refracted Light at þ receives no far- 
ther increaſe. And as the trajected beam MO 
in vaniſhing is always - ſuch a Colour as ought 

2 t@ 


to reſult from the mixture of the Colours which 
fall upon the Paper PT, ſo is the reflected 
beam MN always of ſuch a Colour as ought to 
reſult from the mixture of the Colours which 
fall upon the Paper pf. For when the moſt 8 
refrangible Rays are by a total Reflexion taken | 
out of the beam M O, and leave that beam of 
an orange Colour, the Exceſs of thoſe Rays in 
the reflected Light, does not only make the vio- 
ler, indigo and blue at p more full, but alſo 
makes the beam MN change from the yellowiſh ? 
Colour of the Sun's Light, to a pale white in- 
clining to blue, and — recover its yel- 
lowiſh Colour again, ſo ſoon as all the reſt of the 
tranſmitted Light MOT is reflected. : 
Now ſeeing that in all this variety of Expe- |} 
riments, whether the Trial be made in Light 
reflected, and that either from natural Bodies, 
as in the firſt and ſecond Experiment, or ſpe- 
cular, as in the ninth; or in Light refracted, 
and that either before the unequally refracted 
Rays are by diverging ſeparated from one an- 
other, and loſing their whitenefs which they 
have altogether, appear ſeverally of ſeveral Co- | 7 
lours, as in the fifth Experiment; or after they |? 
are ſeparated from one another, and ap co- 

lour'd as in the ſixth, ſeventh, and eighth Ex- 
periments; or in Light trajected through paral- 
le] Superficies, deſtroying each others Effects, 
as in the tenth Experiment; there are always 
found Rays, which at equal Incidences on the 
fame Medium ſuffer unequal Refractions, and | 
that without any ſplitting or dilating of fingle | 
Rays, or contingence in the inequality of the 
3 | Refra- 
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Refractions, as is proved in the fifth and ſixth 
Experiments. And ſeeing the Rays which dif- 
fer in Refrangibility may be parted and ſorted 
from one —— and that either by Refraction 
Was in the third Experiment, or by Reflexion as in 
che tenth, and then the ſeveral ſorts apart at 
equal Incidences ſuffer unequal Refractions, and 
¶thoſe forts are more refracted than others after 
Separation, which were more refracted before 
it, as in the fixth and following Experiments, 
and if the Sun's Light be trajected through three 
. or more croſs Priſms ſucceſſively, thoſe Rays 
vhich in the firſt Priſm are refracted more than 
others, are in all the following Priſms refracted 
more than others in the ſame Rate and Propor- 
tion, as appears by the fifth Experiment; it's 


þ 


OTS 


4 manifeſt that the Sun's Light is an heterogeneous 
7 Mixture of Rays, ſome of which are conſtantly 
1 ; more refrangible than others, as was propoſed. 

i ——— — 
4 ' PROP. III. Tarzor. III. 


Y | 

De Sun's Light conſiſts of Rays differing 
i Reflexibility, and thoſe Rays are more 
"I reflexible than others which are more 


m refrangible. 


» 3 n R 
l =” HIS is manifeſt by the ninth and tenth 
* Experiments: For in the ninth Experi- 


ment, by turning the Priſm about its Axis, un- 
il che Rays within it which in going out into 
J che Air were refracted by its Baſe, became ſo 
IJ oblique to that Baſe, as to begin to be totally 
| | S 3 reflected 
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reflected thereby; thoſe Rays became firſt of all 
totally reflected, which before at equal Inciden- 
ces with the reſt had ſuffered the greateſt Refra- 
ction. And the ſame thing happens in the Refle- 
xion made by the common . Baſe of the two 
Priſms in the tenth Experiment. | | 
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To ſeparate from one another the heteroge- : 
neous Rays of compound Light. 


1 & H E heterogeneous Rays are in ſome mea- | 

- ſure ſeparated from one another by the 
Refraction of the Priſm in the third Experi- 
ment, and in the fifth Experiment, by taking a- 
way the Penumbra from the rectilinear fides of 
the coloured Image, that Separation in thoſe ve- 
ry rectilinear ſides or ſtraight edges of the I- 
mage becomes perfect. But in all places be- 
tween thoſe rectilinear edges, thoſe innumera-| 
ble Circles there deſcribed, which are ſeveral- 

ly illuminated by homogeneal Rays, by interfe-| 
ring with one another, and being every where] 
commix'd, do render the Light fufficientlyÞ 
compound. But if theſe Circles, whilſt their 
Centers keep their Diſtances and Poſitions, could] 
be made leſs in Diameter, their interfering one] 

| with another, and by Conſequence the Mixture] 
of the heterogeneous Rays would be propor- 
tionally diminiſh'd. In the twenty third Figure 
let AG, BH, CJ, DK, EL, F M be the Cir-Þ 
cles which ſo many ſorts of Rays flowing hs ; 

cho 
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e ſame diſque of the Sun, do in the third Ex-" 
Wperiment illuminate; of all which and innu- 
merable other intermediate ones lying in a con- 
tinual Series between the two rectilinear and pa- 
J rallel edges of the Sun's oblong Image PT, 
chat Image is compos'd, as was explained in 
the fifth Experiment. And let ag, bb, cz, dh, 
el, fm be ſo many leſs Circles lying in a like 
continual Series between two parallel right Lines 
a fand g m with the ſame diſtances between their 
Centers, and illuminated by the ſame ſorts of 
Rays, that is the Circle à g with the ſame fort 
by which the correſponding Circle A G was il- 
luminated, and the Circle / with the ſame ſort 
by which the correſponding Circle B H was illu- 
minated, and the reſt of the Circles cz, E, el, 
a. /n reſpectively, with the fame forts of Rays by 
of BY which the ſeveral correſponding Circles CI, 
e- DK, EL, FM were illuminated. In the Fi- 
gure PT compoſed of the greater Circles, three 
of thoſe Circles AG, BH, CJ], are fo ex- 
"ms; into one another, that the three ſorts of 
ays by which thoſe Circles are illuminated , 
together with other innumerable ſorts of inter- 
mediate Rays, are mixed at QR in the middle of 
the Circle BH. And the like Mixture happens 
throughout almoſt the whole length of the Fi- 
gure PT. But in the Figure p# compoſed of 
the leſs Circles, the three leſs Circles ag, & b, ci, 
which anſwer to thoſe three greater, do not ex- 
tend into one another; nor are there any where 
mingled ſo much as any two of the three forts of 
Rays by which thoſe Circles are illuminated, and 
E 4 Which 
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of the Rays, we are to diminiſh the Diameters 


hole in the middle of it, to intercept all the 


&6 on 


which in the Figure P T are all of them inter- 
mingled at B H. | . 
Now he that ſhall thus conſider it, will eafily | 
underſtand that the Mixture is diminiſhed in 
the ſame Proportion with the Diameters of the 
Circles. If the Diameters of the Circles whilſt 
their Centers remain the ſame, be made three 
times leſs than before, the Mixture will be alſo 
three times leſs; if ten times leſs, the Mixture 
will be ten times leſs, and ſo of other Propor- 
tions. That is, the Mixture of the Rays in the 
greater Figure PT will be to their Mixture in 
the leſs pz, as the Latitude of the greater Fi- 
gure is to the Latitude of the leſs. For the La- 
titudes of theſe Figures are equal to the Dia- 
meters of their Circles. And hence it eaſily fol- 
lows, that the Mixture of the Rays in the re- 
fracted Spectrum p# is to the Mixture of the 
Rays in the direct and immediate Light of the 
Sun, as the breadth of that Spectrum is to the 
difference between the length and breadth of the 
ſame Spectrum. 

So then, if we would diminiſh the Mixture 


F 
* 
= 
N 
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of the Circles. Now theſe would be diminiſh- 
ed if the Sun's Diameter to which they anſwer 
could be made leſs than it is, or (which comes 
to the ſame Purpoſe) if without Doors, at a 
great diſtance from the Priſm towards the Sun, 
ſome opake Body were placed, with a round 


Sun's Light, excepting ſo much as coming 


from the middle of his Body could paſs through 


1 1 
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chat Hole to the Priſm. For ſo the Circles AG, 
B, and the reſt, would not any longer anſwer 
to the whole Diſque of the Sun, but only to that 
Part of it which could be ſeen from the Priſm 
o through that Hole, that it is to the apparent Mag- 
tnitude of that Hole view d from the Priſm. But 
d that theſe Circles may anſwer more diſtinctly to 
) 


that Hole, a Lens is to be placed by the Priſm to 
> FF cait the Image of the Hole, (that is, every one 
of the Circles AG, BH, &c.) diſtinctly upon 
che Paper at PT, after ſuch a manner, as by a 
Lens placed at a Window, the Species. of Ob- 
3 jects abroad are caſt diſtinctly upon a Paper 
within the Room, and the rectilinear Sides of 
the oblong Solar Image in the fifth Experiment 
became diſtinct without any Penumbra. If this 
be done, it will not be neceſſary to place that 
= Hole very far off, no not beyond the Win- 
dow. And therefore inſtead of that Hole, I 
i = the Hole in the Window-ſhut, as fol- 
$ lows. | 
Exper. 11. In the Sun's Light let into my 
darken'd Chamber through a ſmall round Hole 
in my Window-ſhurt, at about ten or twelve 
Feet from the Window, I placed a Lens, by 
which the Image of the Hole might be diſtinctly 
caſt upon a Sheet of white Paper, placed at 
the diſtance of fix, eight, ten, or twelve Feet 
from the Lens. For, according to the diffe- 
rence of the Lenſes I uſed various di 
which I think not worth the while to deſcribe. 
Ihen immediately after the Lens I placed a 
| Priſm, by which the trajected Light might be 
retracted either upwards or ſide-ways, and * 
: | gs y 
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by the round Image, which the Lens alone did 
caſt upon the Paper might be drawn out into a 
long one with Parallel Sides, as in the third Ex- 
periment. This oblong Image I let fall upon 
another Paper at about the ſame diſtance from 
the Priſm as before, moving the Paper either 
towards the Priſm or from it, until I found the 
Juſt diſtance where the Rectilinear Sides of the 
Image became moſt diſtinct. For in this Caſe, 
the Circular Images of the Hole, which compoſe 
that Image after the ſame manner, that the Cir- 
cles ag, bb, ci, &c. do the Figure pt [in Fig.23.] 
were terminated moſt diſtinctly without any 
Penumbra, and therefore extended into one ano- 
ther the leaſt that they could, and by conſequence 
the Mixture of the heterogeneous Rays was now 
the leaſt of all. By this means I uſed to form 
an oblong Image (ſuch as is pf) [in Fig. 23, 
and 24.] of Circular Images of the Hole, (ſuch 
as are ag, bh, ci, &c.) and by uſing a greater 
or leſs Hole in the Window-ſhut, I made the 
Circular Images à g, bh, ci, &c. of which it 
was formed, to become greater or leſs at pleaſure, 
and thereby the Mixture of the Rays in the 
Image pf to be as much, or as little as I de- 
n 

Illufiration. In the twenty- fourth Figure, F 
repreſents the Circular Hole in the Window- 
ſhut, MN the Lens, whereby the Image or Spe- 
cies of that Hole is caſt diſtinctly upon a Paper 
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at J, ABC the Priſm, whereby the Rays are at. 


their emerging out of the Lens refracted from 
J towards another Paper at pz, and the round 
Image at ] is turned into an oblong Image p: 

falling 
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falling on that other Paper. This Image pf con- 
ſiſts of Circles placed one after another in a Recti- 
linear Order, as was ſufficiently explained in the 
fifth Experiment; and theſe Circles are equal to 
the Circle J, and conſequently anſwer in magni- 
tude to the Hole F; and therefore by diminiſhing - 
that Hole they may be at pleaſure diminiſhed, 
whilſt their Centers remain in their Places. By 
this means I made the Breadth of the Image pr 
to be forty times, and ſometimes ſixty or ſeventy 
times leſs than its Length. As for inſtance, if 
the Breadth of the Hole F be one tenth of an 
Inch, and MF the diſtance of the Lens from the 
Hole be 12 Feet; and if pB or pM the diſtance 
of the Image pt from the Priſm or Lens be 10 
Feet, and the refracting Angle of the Priſm be 


62 Degrees, the Breadth of the Image pt will 


be one twelfth of an Inch, and the Length about 
ſix Inches, and therefore the Length to the 
Breadth as 72 to 1, and by conſequence the 
Light of this Image 71 times leſs compound 
than the Sun's direct Light. And Light thus far 
ſimple and homogeneal, is ſufficient for trying 
all the Experiments in this Book about fimple 


Light. For the Compoſition of heterogeneal 


Rays is in this Light ſo little, that it is ſcarce to 
be diſcovered and perceiv'd by Senſe, except per- 
haps in the indigo and violet. For theſe being 
dark Colours, do eaſily ſuffer a ſenſible Allay 
by that little ſcattering Light which uſes to be 
refracted irregularly by the Inequalities of the 


S Priſm. 


| Yet inſtead of the Circular Hole F, tis better 
to ſubſtitute an oblong Hole ſhaped like a long 
- P aral- 
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Parallelogram with its Length parallel to the 
Priſm ABC. For if this Hole be an Inch or 
two long, and but a tenth or twentieth Part of an 
Inch broad, or narrower; the Light of the Image 
yt will be as ſimple as before, or ſimpler, and 
the Image will become much broader, and there- 
fore more fit to have Experiments try'd in its 
Light than before. 
Inſtead of this Parallelogram Hole may be ſub- 
ftirured a triangular one of equal Sides, whoſe 
- Baſe, for inſtance, is about the tenth Part of an 
Inch, and its Height an Inch or more. For by 
this means, if the Axis of the Priſm be parallel to 
the Perpendicular of the Triangle, the Image pt 
[in Fig. 25.] will now be form'd of equicrural 
Triangles ag, bh, ci, dk, el, fm, &c. and in- 
numerable other intermediate ones anſwering to 
the triangular Hole in Shape and Bigneſs, and lying 
one after another in a continual Series between 
two Parallel Lines a f and gm. Theſe Triangles 
are a little intermingled at their Baſes, but not at 
their Vertices; and therefore the Light on the 
brighter Side a f of the Image, where the Baſes 
of the Triangles are, is a little compounded, but 
on the darker Side g m is altogether uncom- 
pounded, and in all Places between the Sides the 
Compoſition is proportional to the diſtances of 
the Places from that obſcurer Side g. And ha- 
ving a Spectrum p; of ſuch a Compaſition, we 
may try Experiments either in its ſtronger and leſs 
ſimple Light near the Side af; or in its weaker and 
ſimpler Light near the other Side g, as it ſhall 
ſeem moſt convenient. 


But 
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But in making Experiments of this kind, the 
Chamber ought to be made as dark as can be, 
leſt any Foreign Light mingle it ſelf with the 


Light of the Spectrum , and render it com- 


ound; eſpecially if we would try 1 


in the more ſimple Light next the Side g m of 


the Spectrum; which being fainter, will have 
a leſs proportion to the Foreign Light; and ſo 
by the mixture of that Light be more troubled, 
and made more compound. The Lens alſo 
ought to be good, ſuch as may ſerve for opti- 
cal Uſes, and the Priſm ought to have a large 
Angle, ſuppoſe of 65 or 70 Degrees, and to be 
well wrought, being made of Glaſs free from 
Bubbles and Veins, with its Sides not a little 
convex or concave, as uſually happens, but truly 
plane, and its Poliſh elaborate, as in workin 
Optick-glaſſes, and not ſuch as is uſually wrought 
with Putty, whereby the edges of the Sand- 
holes being worn away, there are left all over 
the Glaſs a numberleſs Company of very little 
convex polite Riſings like Waves. The edges 
alſo of the Priſm and Lens, ſo far as they may 
make any irregular Refraction, muſt be covered 
with a black Paper glewed on. And all the 
Light of the Sun's-Beam ler into the Chamber, 
which is uſeleſs and unprofitable to the Experi- 
ment, ought to be intercepted with black Pa- 
per, or other black Obſtacles. For otherwiſe 
ihe uſeleſs Light being reflected every way in 
the Chamber, will mix with the oblong Spe- 
ctrum, and help to diſturb it. In trying theſe 
Things, ſo much diligence is not altogether ne- 
ceſſary, but it will promote the Succeſs of the 
| | Expe- 
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Experiments, and by a very ſcrupulous Examiner 
of Things deſerves to be apply'd. It's difficult 
to get Glaſs Priſms fit for this Purpoſe, and there- 
fore I uſed ſometimes priſmatick Veſſels made 
with pieces of broken Looking-glaſſes, and filled 
with Rain Water. And to increaſe the Refraction, 
I ſometimes impregnated the Water ſtrongly with 
Saccharum Saturni. 


— 


PROP. V. TRHEOR. IV. 
Homogeneal Light is refracted regularly 
without any Dilatation ſplitting or ſhatter- 

ing of the Rays, and the confuſed Viſion of 
Objects ſeen through refracting B odies by 
Heterogeneal Light ariſes from the diffe- 
rent Refrangibility of ſeveral '/orts of Rays. 


HE firſt Part of this Propoſition has been 

| | already ſufficiently proved in the fifth Ex- 

periment, and will farther appear by the Experi- 
ments which follow, 

Exper. 12. In the middle of a black Paper I 
made a round Hole about a fifth or fixth Part of 
an Inch in diameter. Upon this Paper I cauſed 
the Spectrum of homogeneal Light deſcribed 
in the former Propoſition, ſo to fall, that ſome 
part of the Light might paſs through the Hole 
of the Paper. This tranſmitted part of the 
Light I refracted with a Priſm placed behind 
the Paper, and letting this refracted Light fall 
perpendicularly upon a white Paper two or 
three Feet diſtant from the Priſm, I found that 

| | the 
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the Spectrum formed on the Paper by this Light 


was not oblong, as when 'tis made (in the third 
Experiment) by refracting the Sun's compound 
Light, but was (ſo far as I could judge by my 
Eye) perfectly circular, the Length being no 
greater than the Breadth. Which ſhews, that this 
Light is refracted regularly without any Dilatation 
of the Rays. 

Exper. 13. In the homogeneal Light J placed 
a Paper Circle of a quarter of an Inch in diameter, 
and in the Sun's unrefracted heterogeneal white 
Light I placed another Paper Circle of the ſame 
Bigneſs. And going from the Papers to the di- 
ſtance of ſome Feet, I viewed both Circles through 
a Priſm. The Circle illuminated by the Sun's he- 
terogeneal Light appeared very oblong, as in the 
fourth Experiment, the Length being many times 
greater than the Breadth; but the other Circle, 
illuminated with homogeneal Light, appeared cir- 
cular and diſtinctly defined, as when tis view'd 
with the naked Eye. Which proves the whole Pro- 
poſition. | 

Exper. 14. In the homogeneal Light I placed 
Flies, and ſuch-like minute Objects, and view- 
ing them through a Priſm, I ſaw their Parts as 
diſtinctly defined, as if I had viewed them with 
the naked Eye. The fame Objects placed in 
the Sun's unrefracted heterogeneal Light, which 
was white, I viewed allo through a Priſm, and 
ſaw them moſt confuſedly defined, ſo that 1 
could not diſtinguiſh their ſmaller Parts from 
one another. I placed alſo the Letters of a 
{mall print, one while in the homogenea! Light, 
and then in the heterogeneal, and viewing them 


through 
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through a Priſm, they appeared in the latter Caſe 
ſo confuſed and indiſtinct, that I could not read 
. them; but in the former they appeared ſo diſtinct, 
that I could read readily, and thought I ſaw them 
as diſtin, as when I view'd them with my naked 
Eye. In both Caſes I view'd the ſame Objects, 
through the ſame Priſm at the ſame diſtance from 
me, and in the ſame Situation. There was no 
difference, but in the Light by which the Objects 
were illuminated, and which in one Caſe was 
ſimple, and in the other compound; and there- 
fore, the diſtin& Viſion in the former Caſe, and 
confuſed in the latter, could ariſe from nothing 
elſe than from that difference of the Lights. 
Which proves the whole Propoſition. 

And in theſe three Experiments it is farther 
very remarkable, that the Colour of homogeneal 
Light was never changed by the Refraction. 


* 


r 


8 


— — 


PROP. VI. TRHEOR. V. 


The Sine of Incidence of every Ray confi- 
dered apart, is to its Sine of Refraction 


in a given Ratio. 


HAT every Ray confider'd apart, is con- 
ſtant to it ſelf in ſome degree of Refran- 


gibility, is ſufficiently manifeſt out of what has 
been faid. Thoſe Rays, which in the firſt Re- 
fraction, are at equal Incidences moſt refracted, 
are alſo in the following Refractions at equal 

| Inci- 
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Incidences moſt refracted; and ſo of the leaſt 
refrangible, and the reſt Which have any mean 
Degree of Refrangibility, as is manifeſt by the 
fifth, ſixth, ſeventh, eighth, and ninth Expe- 
riments. And thoſe which the firſt Time at 
like Incidences are equally refracted, are again 
at like Incidences equally and uniformly refract- 
ed, and that whether they be refracted before 
they be ſeparated from one another, as in the 
Experiment, or whether they be refracted 
apart, as in the twelfth, thirteenth and four- 
teenth Experiments. The Refraction therefore 
of every Ray apart is regular, and what Rule that 
Refraction obſerves we are now to ſhew . | 
The late Writers in Opticks teach, that the 
Sines of Incidence are in a given Proportion 
to the Sines of Refraction, as was explained in 
the fifth Axiom ; and ſome by Inſtruments fit- 
ted for meaſuring of Refractions, or otherwiſe 
experimentally examining this Proportion, do 
acquaint us that they have found it accurate. 
But whilſt they, not underſtanding the diffe- 
rent Refrangibility of ſeveral Rays, conceived 
them all to be refracted according to one and 
the ſame Proportion, tis to be preſumed that 
they adapted their Meaſures only to the middle 
of the refracted Light; ſo that from their Mea- 
ſures we may conclude only that the Rays 
which have 'a mean Degree of Refrangibility, 
that is, thoſe which when ſeparated from the 
reſt appear green, are refracted according to & 
given Proportion of their Sines. And there- 


: 4 2 is very fully treated of in our Author's Lect. Optic. Part J. 
Sec. : ” 3 
* | fore 
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fore we are now to ſhew, that the like given 
Proportions obtain in all, the reſt. That it 
ſhould be ſo is very reaſonable, Nature being 
ever conformable to her ſelf; but an experimen- 
tal Proof is deſired. And ſuch a Proof will be had, 
if we can ſhew that the Sines of Refraction of 
Rays differently refrangible are one to another in 
a given Proportion when their Sines of Incidence 
are equal. For, if the Sines of Refraction of all 
the Rays are in given Proportions to the Sine of 
Refractions of a Ray which has a mean Degree of 
Refrangibility, and this Sine is in a given Propor- 
tion to the equal Sines of Incidence, thoſe other 
Sines of Refraction will alſo be in given Propor- 
tions to the equal Sines of Incidence. Now, 
when the Sines of Incidence are equal, it will 
appear by the following Experiment, that the 
Sines of Refraction are in a given Proportion to 
one another. | 

Exper. 15. The Sun ſhining into a dark Cham- 

ber through a little round Hole in the Window- 
ſhut, let 8 [in Fig. 26.] repreſent his round 
white Image painted on the oppoſite Wall by 
his direct Light, PT his oblong coloured 
Image made by refracting that Light with a 
Priſm placed at the Window; and pt, or 
2þ 2, or 3þ 3 r, his oblong colour'd Image 
made by refracting again the ſame Light ſide- 
ways with a ſecond Priſm placed immediately 
after the firſt in a croſs Poſition to. it, as was 
explained in the fifth Experiment; that is to 
ſay, pr when the Refraction of the ſecond 
Priſm is ſmal!, 2 % 2 f when its Refraction is 
greater, and 3% 3# when it is greateſt, 3 je 
| | ue 
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ſuch will be the diverſity of the Refractions, if 


the refracting Angle of the ſecond Priſm be of 


various Magnitudes; ſuppoſe of fifteen or twen- 


2 to make the Image pt, of thirty or 


orty to make the Image 2 27, and of ſixty to 
make the Image 3p 37. But for want of ſolid 
Glaſs Priſms with Angles of convenient Big- 
neſſes, there may be Veſſels made of poliſhed 
Plates of Glaſs cemented together in the form of 
Priſms and filled with Water. Theſe things be- 
ing thus ordered, I obſerved that all the ſolar 
Images or coloured Spectrums PT, pt, 25 
2t, 35 zt did very nearly converge to the place 
S on which the direct Light of the Sun fell 
and painted his white round Image when the 


Priſms were taken away. The Axis of the Spe- 
ctrum PT, that is the Line drawn through the 


middle of it parallel to its rectilinear Sides, 

ee paſs exactly through the 
middle of that white round Image S. And when 
the Refraction of the ſecond Priſm was equal 
to the Refraction of the firſt, the refracting An- 
gles of them both being about 60 Degrees, the 
Axis of the Spectrum 35% 37 made by that Re- 
fraction, did when produced paſs alſo through 
the middle of the — white round Image 8. 
But when the Refraction of the ſecond Priſm 
was leſs than that of the firſt, the produced 
Axes of the Spectrums E or 27 29 made by 
that Refraction did cut the produced Axis of 


the Spectrum TP in the points m and , a lit- | 


tle beyond the Center of that white round J- 


mage 8. Whence the proportion of the Line 


3. T to the Line 3pP was, a little greater than 
| = 2 „ the 
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the Proportion of 27 T to 2p P, and this Pro- 
rtion a little greater than that of 7 T to pP. 
Now when the Light of the Spectrum PT falls 
perpendicularly upon the Wall, thoſe Lines 
3 T. 3p P, and 27 T, 2pP, and T, pP, are 
the Tangents of the Refractions, and therefore 
by this Experiment the Proportions of the Tan- 
gents of the Refaactions are obtained, from 
whence the Proportions of the Sines being de- 
rived, they come out equal, ſo far as by vie w- 
ing the Spectrums, and uſing ſome mathemati- 
cal Reaſoning I could eſtimate. For I did not 
make an accurate Computation. So then the 
Propoſition holds true in every Ray apart, ſo 
far as appears by Experiment. And that it is 
accurately true, may be demonſtrated upon this 
Suppoſition. That Bodies refraft Light by acting 
upon its Rays in Lines perpendicular to their Sur- 
Faces. But in order to this Demonſtration, I muſt 
diſtinguiſh the Motion of every Ray into two 
Motions, the one perpendicular to the refracting 
Surface, the other parallel to it, and concerning 
the perpendicular Motion lay down the follow- 
Ing Propoſition. | 
If any Motion or moving thing whatſoever be 
incident with any Velocity on any broad and 
thin ſpace terminated on both ſides by two paral- 
lel Planes, and in its Paſſage through that 
ſpace be urged perpendicularly towards the far- 
ther Plane by any force which at given diſtances 
from the Plane is of given Quantities ; the per- 
pendicular velocity of that Motion or Thing, 
at is emerging out of that ſpace, ſhall be always 
equal to the ſquare Root of the ſum of the 
3 ; ſquare 
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ſquare of the perpendicular velocity of that 


Motion or Thing at its Incidence on that ſpace; 
and of the ſquare of the perpendicular velocity 
which that Motion or Thing would have at its 
Emergence, if at its Incidence its perpendicular 
velocity was infinitely little. WY 
And the ſame Propoſition holds true of any 


Motion or Thing perpendicularly retarded in its 


paſſage through that ſpace, if inſtead of the ſum 
of the two Squares you take their difference. 


The Demonſtration Mathemaricians will eaſily 


find out, and therefore I ſhall not trouble the 
Reader with it. 

Suppoſe now that a Ray coming moſt oblique- 
ly in the Line MC | in Fig. 1.] be refracted at 
C by the Plane RS into the Line CN, and if 
it be required to find the Line CE, into which 
any other Ray AC ſhall be refracted; let MC, 
AD, be the Sines of Incidence of the two Rays, 
and NG, EF, their Sines of Refraction, and 
let the equal Motions of the incident Rays be 


repreſented by the equal Lines MC and AC, 
and the Motion MC being conſidered as paral- 


lel to the refracting Plane, let the other Motion 


AC be diſtinguiſhed into two Motions AD 


and DC, one of which AD is parallel, and the 
other DC perpendicular to the refracting Sur- 
face. In like manner, let the Motions of the 
emerging Rays be diftinguiſh'd into two, whereof 
the perpendicular ones are = CG and 4 CF, 
And if the force of the refracting Plane begins 
to act upon the Rays either in that Plane or at 


a certain diſtance from it on the one fide, and 


ends at a certain diſtance from it on the other 
3 Side, 
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ſide, and in all places between thoſe two limits 
acts upon the Rays in Lines perpendicular to 
that refracting Plane, and the Actions upon the 
Rays at equal diſtances from the refracting Plane 
be equal, and at unequal ones either equal or un- 
equal according to any rate whatever; that Mo- 
tion of the Ray which is parallel to the re- 
fracting Plane, will ſuffer no Alteration by that 
Force; and that Motion which is perpendicular 
to it will be altered according to the rule of the 
foregoing Propoſition. If therefore for the per- 
pendicular velocity of the emerging Ray CN 


you write 70 CG as above, then the perpendi- 


cular velocity of any other emerging Ray CE 


which was #2 CF, will be equal to the ſquare 


Root of CDq + 1 CGg. And by ſquaring 
theſe Equals, and adding to them the Equals 
ADgq and MCq — CDg, and dividing the 


Sums by the Equals CF q EFq and CGq + 


NGg, you will have Fe qual to == Whence 


AD, the Sine of Incidence, is to E F the Sine of 
| Refraction, as MC to NG, chat is, in a given 
ratio. And this Demonſtration being general, 
without determining what Light is, or by what 
kind of Force it is refracted, or aſſuming any 
thing farther than that the refracting Body acts 
upon the Rays in Lines perpendicular to its Sur- 
face; I take it to be a very convincing Argument 
of the full truth of this Propoſition, 

So then, if. the ratio of the Sines of Inci- 
dence and Refraction of any ſort of Rays be 

N found 


— * 
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found in any one caſe, tis given in all caſes; and 
this may be readily found by the ae in the 


ne d vr KN 


PROP. VII. N VI. 


The Perfection of Teleſcopes is impeded ; 


the different R efrangibiity of the Raye 
of Light. 
HE Imperfection of Teleſcopes f 22: vul- 
early attributed to the ſpherical Figures of 


the Glaſſes, and therefore Mathemaricians have 


propounded to figure them by the conical Sacti- 
ons. To ſhew that they are miſtaken, I have in- 
ſerted this Propoſition; 2 truth of which will 
appear by the meaſure of the Refractions of the 
ſeveral ſorts of Rays; and theſe meaſures, Lows 
determine. 

In the third Experiment of this firſt —4 
where the refracting Angle of the Priſm was 62 : 
Degrees, the half of that Angle 31 deg; 15 min. 
is the Angle of Incidence of the Rays at their go- 
ing out of the Glaſs into the Air *; and the Sine of 
this Angle is 5188, the Radius being 10000. When 
the Axis of this Priſm was parallel ro the Horizon, 
and the Refraction of the Rays at their Incidence 


on this Priſm _— to that at their Emergence out 
e 


of it, I obſerved with a Quadrant the Angle which 
the mean refrangible — ays, (that is thoſe which 


went to the middle of the Sun's coloured Image) 


made with the Horizon, and by this Angle and the 

Sun'saltitude obſerved at the ſame time, I found the 
Ses our Author's Let. Optic. Part I. Sect. II. 5. 29. 

rd F 4 Angle 
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Angle which the emergent Rays contained with the 

incident to be 44 deg. and 40 min. and the half of 
this Angle added to the Angle of Incidence 3 1 deg. 
15 min. makes the Angle of Refraction, which is 
therefore 53 deg. : g min. and its Sine 8047. Theſe 
are the Sines of Incidence and Refraction of the 
mean refrangible Rays, and their Proportion in 
round Numbers is 20 to 3 1. This Glaſs was of a 
Colour inclining to green. The laſt of the Priſms 
mentioned in the third Experiment was of clear 
white Glaſs. Its refracting Angle 631 Degrees. 
The Angle which the emergent Rays contained, 
with the ineident 45 deg. 50 min. The Sine of 
half the firſt Angle 5262. The Sine of half the 
Sum of the Angles 8157. And their Proportion in 
round Numbers 20 to 31, as before. | | 

From the Length of the Image, which was 
about i or 10 Inches, ſubduct its Breadth, which 
was 235 Inches, and the Remainder 7: Inches 
would be the Length of the Image were the Sun 
but a Point, and therefore ſubtends the Angle 
which the moſt and leaſt refrangible Rays, when 
incident on the Priſm in the ſame Lines, do 
contain with one another after their Emergence. 
Whence this Angle is 2 deg. O. 7". For the 
diſtance between the Image and the Priſm 
where this Angle is made, was 182 Feet, and 
at that diſtance the Chord - 7; Inches ſubtends 
an Angle of 2 deg. o, 7“. Now half this Angle 
is the Angle which theſe emergent Rays con- 


tain with the emergent mean refrangible Rays, 


and a quarter thereof, that is 3o'. 2”. may be 
accounted the Angle which they would contain 
with the ſame emergent mean refrangible Rays, 

| were 
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were they co- incident to them within the Glaſs, 
and ſuffered no other Refraction than that at their 
Emergence. For, if two equal Refractions, the 
one at the Incidence of the Rays on the Priſm, 
the other at their Emergence, make half the 
Angle 2 deg. 0'. 7 then one of thoſe Refractions 
will make about a quarter of that Angle, and this 
quarter added to, and ſubducted from the Angle 
of Refraction of the mean refrangible Rays, 

which was 53 deg. 35, gives the Angles of Re- 
fraction of the moſt and leaſt refrangible Rays 
54 deg. 5 2", and 53 deg. 4 58“, whoſe Sines 
are 8099 and 7995, the common Angle of In- 
cidence being 31 deg. 15, and its Sine 51883 
and theſe Sines in the leaſt round Numbers are in 
proportion to one another, as 78 and 77 to 50. 
Now, if you ſubduct the coramon Sine of In- 
cidence 50 from the Sines of Refraction 77 and 
1. the Remainders 27 and 28 ſhew, that in ſmall 
Refractions the Refraction of the leaſt refrangi- 
ble Rays is to the Refraction of the moſt refran- 
gible ones, as 27 to 28 very nearly, and that the 
difference of the Refractions of the leaſt refran- 
gible and moſt refrangible Rays is about the 
277ch Part of the whole Refraction of the mean 
refrangible Rays. 61 10 | 
Whence they that are skilled in Opticks will 
eaſily underſtand, * that the Breadth of the leaſt 
circular Space, into which Object-glaſſes of Te- 
leſcopes can collect all farts of Parallel Rays, is 
about the 271th Part of half the Aperture of the 
Glaſs, or 55th Part of the whole Aperture; and 


* This is demonſtrated in aur Author's Lect. Optic. Part I. Se. 1 V. 
Prop. 37. . e 
that 
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that the Focus of the moſt refrangible Rays is 
nearer to the Object-glaſs than the Focus of the 
leaſt refrangible ones, by about the 273th Part of 
the diſtance between the Object-glaſs and the 
Focus of the mean refrangible ones. 

And if Rays of all ſorts, flowing from any 
one lucid Point in the Axis of any convex Lens, 
be made by the Refraction of the Lens to con- 

verge to Points not too remote from the Lens, 
the Focus of the moſt refrangible Rays ſhall be 
nearer to the Lens than the Focus of the leaſt 
refrangible ones, by a diſtance which is to the 
27th Part of the diſtance of the Focus of the 
mean refrangible Rays from the Lens, as the di- 
ſtance between that Focus Md the lucid Point, 
from whence the Rays flow, 1s to the diſtance be- 
tween that lucid Point and the Lens very nearly. 

Now to examine whether the Difference be- 
tween the Refractions, which the moſt refrangi- 
ble and the leaſt refrangible Rays flowing from 
the ſame Point ſuffer in the Object-glaſſes of Te- 
leſcopes and ſuch- like Glaſſes, be fo great as is 
here deſcribed, I contrived the following Experi- 

Exper. 16. The Lens which J uſed in the ſe- 
cond and eighth Experiments, being placed fix 
Feet and an Inch diftant from any Object, col- 
lected the Species of that Object by the mean 
refrangible Rays at the diſtance of ſix Feet and 
an Inch from the Lens on the other ſide. And 
therefore by the foregoing Rule, it ought to col- 
lect the Species of that Object by the leaſt re- 
frangible Rays at the diſtance of ſix Feet and 

35 Inches from the Lens, and by the moſt re- 
| frangible 
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frangible ones at the diſtance of five Feet and 
101 Inches from it: So that between the two 
Places, where theſe leaſt and moſt refrangible 
Rays collect the Species, there may be the di- 
ſtance of about 51 Inches. For by that Rule, 
as fix Feet and an Inch .(the diſtance of the Lens 
from the lucid Object) is to twelve Feet and 
two Inches (the diſtance of the lucid Object 
from the Focus of the mean refrangible Rays) 
that is, as One is to Two; ſo is the 271th Part 
of ſix Feet and an Inch (the diſtance between 
the Lens and the fame Focus) to the diſtance 
between the Focus of the moſt refrangible Rays 
and the Focus of the leaſt refrangible ones, 
which is therefore 533 Inches, that is ee 
51 Inches. Now to know whether this Meaſure 
was true, I repeated the ſecond and eighth Ex- 
poriment with coloured Light, which was leſs 
compounded than that I there made uſe of: 
For I now ſeparated the heterogeneous Rays 
from one another by the Method I deſcribed . 
in the eleventh Experiment, ſo as to make a 
coloured Spectrum about twelve or fifteen Times 
longer than broad. This Spectrum T caſt on a 
printed Book, and placing the above- mentioned 
Lens at the diſtance of fix Feet and an Inch 
from this Spectrum to collect the Species of 
the illuminated Letters at the ſame diſtance on 
the other fide, I found that the Species of the 
Letters illuminated with blue were nearer to 
the Lens than thoſe illuminated with deep 
red by about three Inches, or three and a quar- 
ter; but the Species of the Letters illumi- 
nated with indigo and violet appeared ſo dar 
| = - fuſe 
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fuſed and indiſtinct, that I could not read them: 
Whereu pon viewing the Priſm; I found it was 
full of Veins running from one end of the Glaſs 
to the other; ſo that the Refraction could not 
be regular. I took another Priſm therefore 
which was free from Veins, and inſtead of the 
Letters I uſed two or three Parallel black Lines 
a little broader than the Strokes of the Let- 
ters, and caſting the Colours upon theſe Lines 
in ſuch manner, that the Lines ran along the 
Colours from one end of the Spectrum to the 
other, I found that the Focus where the indigo, 
or confine of this Colour and violet caſt 
Species of the black Lines moſt diſtinctly, to 
be about four Inches, or 44 nearer to the Lens 
than the Focus, where the deepeſt red caſt the- 
Species of the ſame black Lines moſt diſtinct- 
ly. The violet was ſo faint and dark, that 1 
could not: diſcern the Species of the Lines di- 
ſtinctly by that Colour; and therefore conſi- 
dering that the Priſm was made of a dark co- 
laured Glaſs inclining to green, I took another 
Priſm of clear white Glaſs ; but the Spectrum 
of Colours which this Priim made had long 
white Streams of faint Light ſhooting out from 
both ends of the Colours, which made me con- 
clude that ſomething was amiſs; and viewing 
the Priſm, I found two or three little Bubbles 
in the Glaſs, which refracted the Li ght irregu- 
larly. Wherefore I covered that Part = the Glaſs 
IE black Paper, and letting the Light paſs 
through another Part of 'it which was 1 — from 
ſuch Bubbles, the Spectrum of Colours became 
free from thoſe irregular Streams of Light, and 
| Was 
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was now ſuch as I deſired. But ſtill T found 
the violet ſo dark and faint, that I could ſcarce 
ſee the Species of the Lines by the violet, and 
not at al by the deepeſt Part of it, which' was 
next the end of the Spectrum. I ſuſpected there- 
fore, that this faint and dark Colour might be 
allayed by that - ſcattering Light which was re- 
fracted, and reflected irregularly, partly by ſome 
very ſmall Bubbles in the Glaſſes, and partly 
by the Inequalities of their Poliſh ; which 
Light, tho' it was but little, yet it being of a 
white Colour, might ſuffice to affect the Senſe 


$ 3 as to diſturb the Phænomena of chat 


weak and dark Colour the violet, and there- 
fore I tried, as in the 12th, 13th, and 14th Ex- 
periments, whether the Light of this Colour 
did not conſiſt of a ſenſible Mixture of heteroge- 
neous Rays, but found it did not. Nor did the 
Refractions cauſe any other ſenſible Colour'than 
violet to emerge put of this Light, as they 
would have done out of white Light, and by 
conſequence out of this violet Light had it been 


ſenſibly compounded with white Light. And 


therefore I concluded, that the reaſon why I 
could nor ſee the Species of the Lines diſtinctly 
by this Colour, was only the Darkneſs of this 
Colour, and Thinneſs of its Light, and its di- 


ſtance from the Axis of the Lens; I divided 


therefore thoſe Parallel black Lines into equal 

Parts, by which I might readily know the di- 

ſtances of the Colours in the Spectrum from 

one another, and noted the diſtances of the 

Lens from the Foci of ſuch Colours, as caſt the 

Species of the Lines diſtinctly, and then 3 : 
er 
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dered whether the difference of thoſe diſtances 
bear ſuch proportion to 53 Inches, the greateſt 
Difference of the diſtances, which the Foci of 
the deepeſt red and violet ought to have from 
the Lens, as the diſtance of the obſerved Co- 
lours from one another in the Spectrum bear to 
the greateſt diſtance of the deepeſt red and 
violet meaſured in the Rectilinear Sides of the 
Spectrum, that is, to the Length of thoſe Sides, 
or Exceſs of the Length of the Spectrum above 
its Breadth. And my Obſervations were as fol- 

lows. | | 
When I obſerved and compared the deepeſt 
ſenſible red, and the Colour in the Confine of 
reen and blue, which at the Rectilinear Sides 
of the Spectrum was diſtant from it half the 
Length of thoſe Sides, the Focus where the Con- 
fine of green and blue caſt the Species of the 
Lines diſtinctly on the Paper, was nearer to the 
Lens than the Focus, where the red caſt thoſe 
Lines diſtinctly on it by about 23 or 23 Inches. 
For ſometimes the Meaſures were a little greater, 
ſometimes a little leſs, but ſeldom varied from 
one another above; of an Inch. For it was very 
difficult to define the Places of the Foci, with- 
out ſome little Errors. Now, if the Colours 
diſtant half the Length of the Image, ( mea- 
ſured at its Rectilinear Sides) give 23 or 23 Diffe- 
rence of the diſtances of their Foci from the 
Lens, then the Colours diſtant the whole Length 
ought to give 5 or 53 Inches difference of thoſe 

diſtances. ch 

But here it's to be noted, that I could not 
ſee the red to the full end of the * 
ut 
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but only to the Center of the Semicircle which 
bounded that end, or a little farther ; and there- 


fore I compared this red not with that Colour 
which was exactly in the middle of the Spectrum, 
or Confine of green and blue, but with that which 
verged a little more to the blue than to the green: 
And as I reckoned the whole Length of the 
Colours not to þe the whole Length of the 
Spectrum, but the Length of its Rectilinear Sides, 
ſo compleating the ſemicircular Ends into Circles, 
when either of the obſerved Colours fell within 


_ thoſe Circles, I meaſured the diſtance of that 


Colour from the ſemicircular End of the Spe- 


trum, and ſubducting half this diſtance from 


the meaſured diſtance of the two Colours, I 
took the Remainder for their corrected di- 
ſtance; and .in theſe Obſervations ſet down this 
corrected diſtance for the difference of the di- 
ſtances of their Foci from the Lens. For, as 
the Length of the Rectilinear Sides of the Spe- 
ctrum would be the whole Length of all the 
Colours, were the Circles of which (as we 
ſhewed) that Spectrum conſiſts contracted and 
reduced to Phyſical Points, ſo in that Caſe this 
corrected diſtance would be the real diſtance of 
the two obſerved Colours. | 

When therefore I farther obſerved the deepeſt 
ſenſible red, and. that blue whoſe corrected di- 
ſtance from it was 7, Parts of the Length of 
the Rectilinear Sides of the Spectrum, the diffe- 
rence of the diſtances of their Foci from the 
Lens was about 33 Inches, and as 7 to 12, ſo is 
31 to 55. SY 


When 


80 OPTIC EKS. N 
When I obſerved the deepeſt ſenſible red, and 
that indigo whoſe corrected diſtance was ; or ; of 
the Length of the Rectilinear Sides of the Spe- 
Krum, the difference of the diſtances of their 
Foci from the Lens, was about 33 Inches, and as 
2 to 3, ſo is 33 to 53. | 
When I obſerved the deepeſt ſenſible red, and 
that deep indigo whole corrected diſtance from 
one another was ; or ; of the Length of the 
Rectilinear Sides of the Spectrum, the diffe- 
rence of the diſtances of their Foci from the 
Lens was about 4 Inches; and as 3 to 4, ſo 
is 4 to 5 | | 
When I obſerved the deepeſt ſenſible red, 
and that Part of the violet next the indigo, 
whoſe corrected diſtance from the red was 32 
or 5 of the Length of the Rectilinear Sides of the 
Spectrum, the difference of the diſtances of their 
Foci from the Lens was about 45 Inches, and 
as 5 to 6, ſo is 41 to 53. For ſometimes, when 
the Lens was advantageouſly placed, ſo that its 
Axis reſpected the blue, and all Things elſe 
were well ordered, and the Sun ſhone clear, and 
I held my Eye very near to the Paper on 
which the Lens caſt the Specics of the Lines, I 
could ſee pretty diſtinctly the Species of thoſe 
Lines by that Part of the violet which was next 
the indigo; and ſometimes I could ſee them 
by above half the violet. For in making theſe 
Experiments I had obſerved, that the Species 
of thoſe Colours only appear diſtinct, which were 
in or near the Axis of the Lens: So that if the 
blue or indigo were in the Axis, I could ſee . 
their Species diſtinctly; and then the red ap- 


peared 
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paces much leſs diſtin& than before. Wherefore 
I contrived to make the Spectrum of Colours ſhor- 
ter than before; ſo that boch its Ends might be 
nearer to the Axis of the Lens. And now its 
Length was about 2+ Inches, and Breadth a- 
bout + or „ of an Inch. Alfo inſtead of the 
black Lines on which the Spectrum was caſt, I 
made one black Line broader than thoſe, chat 1 
might ſee its Species more eaſily; and this Line 1 
divided by ſhort croſs Lines into equal Parts, for 
meaſuring the diſtances of the obſerved Colours. 
And now I could ſometimes ſee the Species of 
this Line with its Diviſions almoſt as far 'as the 
Center of the ſemicircular violet End of the 
8 and made cheſe farther Obſerya- 
tions. | 

When I obſerved FIR Jenn ſenſible red, and 
that Part of the violet, whoſe corrected diſtance 
from it was about 2 Parts of the Rectilinear Sides 
of the Spectrum, the Difference of the diſtances 
of the Foci of thoſe Colours from the Lens, 
was one time 4*, another time 44, another” time 
4+ Inches; and as 8 to 9 ſo are 47, 47, 4, to 
55, 5, 54+ reſpeCtivel | 

When I obſerved the deepeſt ſenſible red, 
and deepeſt ſenſible violet, (the corrected di- 
ſtance of: which Colours, when all Things were 
ordered to the beſt Advantage, and the Sun 
ſhone very clear, was about ++ or 4+ Parts of the 
Length of the Rectilinear Sides of the colour- 
ed Spectrum) I found the Difference of the di- 
ſtances of their Foci from the Lens ſometimes 


44 ſometimes 5; 5 and for: che moſt part 5 In- 
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ches or thereabouts; and as 11 to 12, or 15 to 
16, fo is five Inches to 52 or 5: Inches. 
And by this Progreſſion of Experiments I ſatiſ- 
fied my ſelf, that had the Light at the very Ends 
of the Spectrum been ſtrong enough to make the 
Species of the black Lines appear plainly on the 
Paper, the Focus of the deepeſt violet would 
have been found nearer to the Lens, than the 
Focus of the deepeſt red, by about 5, Inches 
at leaſt. And this is a farther Evidence, that 
the Sines of Incidence and Refraction of the ſe- 
veral ſorts of Rays, hold the ſame Proportion to 
one another in the ſmalleſt Refractions which they 
do in the greateſt. | 2 
My Progreſs in making this nice and trouble- 
ſome Experiment I. have ſet down more at large, 
that they that ſhall cry it after me may be aware 
of the CircumſpeCtion requiſite to make it fuc- 
ceed well. And if they cannot make it ſuc- 
ceed ſo well as I did, they may notwithſtand- 
ing collect by the Proportion of the diſtance of 
the Colours of the Spectrum, to the Difference 
of the diſtances of their Foci from the Lens, 
what would be the Succeſs in the more diſtant 
Colours by a better trial, And yer, if they uſe 
a broader Lens than I did, and fix it to a long 
ſtrait Staff, by means of which it may be rea- 
dily and truly directed to the Colour whoſe Fo- 
cus is deſired, I queſtion not but the Experi- 
ment will ſucceed better with them than it did 
with me. For I directed the Axis as nearly as I 
could to the middle of the Colours, and then 
the faint Ends of the Spectrum being remote 
from the Axis, caſt their Species leſs diſtinctly 
1 on 
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on the Paper than they would have done, had the 
Axis been ſucceſſively directed to them. 

Now by what has been ſaid, it's certain that the 
Rays which differ in Refrangibility do not converge 
to the ſame Focus; but if they flow from a lucid 
Point, as far from the Lens on one ſide as their 
Foci are on the other, the Focus of the moſt re- 
frangible Rays ſhall be nearer to the Lens than that 
of the leaſt refrangible, by above the fourteenth 
Part of the whole diſtance; and if they flow from 
a lucid Point, ſo very remote from the Lens, that 
before their Incidence they may be accounted pa- 
rallel, the Focus of the moſt refrangible Rays ſhall 
be nearer to the Lens than the Focus of the leaſt 
refrangible, by about the 27th or 28th Part of their 
whole diſtance from it. And the Diameter of the 
Circle in the middle Space between thoſe two 
Foci which they illuminate, when they fall there 
on any Plane, perpendicular to the Axis (which 
Circle is the leaſt into which they can all be ga- 
thered) is about the 55th Part of the Diameter 
of the Aperture of the Glaſs. So that tis a won- 
der, that Teleſcopes repreſent Objects ſo diſtinct 
as they do. Bur were all the Rays of Light 
equally refrangible, the Error ariſing only from 
the Sphericalneſs of the Figures of Glaſſes would 
be many hundred times [ef For, if the Object- 

laſs of a Teleſcope be Plano-canvex, and the 
lane fide be turned towards the Object, and 
the Diameter of the Sphere, whereof this Glafs 
1s a Segment, be called D, and the Semidiame- 
ter of the Aperture of the Glaſs be called 8, and 
the Sine of Incidence out af Glaſs into Air, be 
to the Sine of Refraction as I to R; the Rays 
| 82 which 
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which come parallel to the Axis of the Glaſs, ſhall 


in the Place where the ws; of the Object is moſt 


diſtinctly made, be ſcattered all over a little Circle, 
R S cub. 


whoſe Diameter is = X 
h 17 D guad. 


I gather by computing the Errors of the Rays by 
the Method of infinite Series, and rejecting the 
Terms, whoſe Quantities are inconſiderable. As 
for inſtante, if the Sine of Incidence I, be to the 
Sine of Refraction R, as 20 to 31, and if D the 
Diameter of the Sphere, to which the Convex- 
ſide of the Glaſs is ground, be 100 Feet or 1200 
Inches, and S the Semidiameter of the Aperture be 
two Inches, the Diameter of the little Circle, 
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, Parts of an Inch. But the Diameter of 


the little Circle, through which theſe Rays are 
ſcattered by unequal Refrangibility, will be about 
the 55th Part of the Aperture of the Object-glaſs, 
which here is four Inches. And therefore, the 
Error ariſing from the Spherical Figure of the 
Glaſs, is to theError ariſing from the differentRe- 


very nearly, * as 
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as 1 to 5449; and therefore, being in compariſon 
ſo very little, deſerves not to be conſidered. 

But you will ſay, if the Errors cauſed by the 
different Refrangibility be ſo very great, how 
comes it to paſs, that Objects appear through 
Teleſcopes ſo diſtinct as they do? I anſwer, tis 


-® How to do this, is Aton in our Author's Lect. Optic. Part I. 
628. IV. Prop. 31... 
becauſe 


on 
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becauſe the erring Rays are not ſcattered uni- 
formly over all that Circular Space, but collected 
infinitely more denſely in the Center than in 
any other Part of the Circle, and in the Way 
from the Center to the Circumference, grow 


continually rarer and rarer, ſo as at the Circum- 


ference to become infinitely rare; and by rea- 
ſon of their Rarity are not ſtrong enough to be 
viſible, unleſs in the Center and very near it. 
Let ADE [in Fig. 27.] repreſent one of thoſe 
Circles deſcribed with the Center C, and Semi- 
diameter AC, and let BFG be a ſmaller Circle 
concentrick to the former, cutting with its Cir- 
cumference the Diameter AC in B, and biſe& 
AC in N; and by my reckoning, the Denſity of 
the Light in any Place B, will be to its Denſity 
in N, as AB to BC; and the whole Light with- 
in the leſſer Circle BFG, will be to the whole 
Light within the greater AED, as the Exceſs 
of the Square of AC above the Square of AB, 
is to the Square of AC. As if BC be the fifth 
Part of AC, the Light will be four times den- 
ſer in B than in N, and the whole Light within 
the leſs Circle, will be to the whole Light with- 
in the greater, as nine to twenty-five. Whence 
it's — — that the Light within the leſs Cir- 
cle, muſt ſtrike the Senſe much more ſtrongly, 
than that faint and dilated Light round about 
between it and the Circumference of the grea- 
der. | 

But it's farther to be noted, that the moſt lu- 
minous of the Priſmatick Colours are the yel- 
low and orange. Theſe affect the Senſes more 


Rrongly than all the reſt together, and next to 


G 3 theſe 
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theſe in ſtrength are the red and green. The 
blue compared with theſe is a faint and dark 
Colour, and the indigo and violet are much 
darker and fainter, ſo that theſe compared with 
the ſtronger Colours are little to be regarded, 
The Images of Objects are therefore to be pla- 
ced, not in the Focus of the mean refrangible 
Rays, which are in the Confine of green and 
blue, but in the Focus of thoſe Rays which are 
in the middle of the orange and yellow); there 
vhere the Colour is moſt luminous and fulgent, 
that is in the brighteſt yellow, that yellow which 
inclines more to orange than to green. And 


by the Refraction of theſe Rays (whoſe Sines of 


Incidence and Refraction in Glaſs are as 17 and 
11) the Refraction of Glaſs and Cryſtal for Op- 
tical Uſes is to be meaſured. Let us therefore 
place the Image of the Object in the Focus of 
theſe Rays, and all the yellow and orange will 
fall within a Circle, 3 Diameter is about 
the 250th Part of the Diameter of the Aperture 
of the Glaſs. And if you add the brighter half 
of the red, (that half which is next the orange) 
and the brighter half of the green, (that half 
which is next the yellow) about three fifth 
Parts of the Light of theſe two Colours will 
fall within the a Circle, and two fifth Parts 
will fall without it round about ; and that which 
falls without will be ſpread through almoſt as 
much more ſpace as that which falls within, 
and ſo in the groſs be almoſt three times rarer. 
Of the other half of the red and green, (that is 
of the deep dark red and willow green) about 
one quarter will fall within this Circle, Na. 
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three quarters without, and that which falls 
without will be ſpread through about four or 
five times more ſpace than that which falls with- 
in; and ſo in the groſs be rarer, and if com 
pared with the whole Light within it, will be 
about 25 times rarer than all that taken in the 
groſs; or rather more than 30 or 40 times ra- 
rer, becauſe the deep red in the end of the 
Spectrum of Colours made by a Priſm is very 
thin and rare, and the willow green is ſome- 
thing rarer than the orange and yellow. The 
Light of theſe Colours therefore being ſo ve 

much rarer than that within the Circle, will 
ſcarce affect the Senſe, eſpecially. fince the dee 


red and willow green of this Light, are muc 


darker Colours than the reſt. And for the fame 
reaſon the blue and violet being much darker 
Colours than theſe, and much more rarified, 
may be neglected. For the denſe and bright 
Light of the Circle, will obſcure the rare and 
weak Light of theſe dark Colours round about 
it, and render them almoſt inſenſible. The 
ſenſible Image of a lucid Point is therefore 
ſcarce broader than a Circle, whoſe Diameter is 
the 25oth Part of the Diameter of the Aperture 
of the Object-glaſs of a good Teleſcope, or not 
much brorder, if you except a faint and dark miſty 
Light round about it, which a Spectator will 
ſcarce regard. And therefore in a Teleſcope, 
whoſe Aperture is four Inches, and Length an 
hundred Feet, it exceeds not 2 45", or 3“. And 
in a Teleſcope whoſe Aperture is two Inches, 
and Length 20 or 30 Feet, it may be 5 or 6", 
and ſcarce above. And this anſwers well to 

| G 4 Expe- 


88 OPTICKS. 


Experience: For ſome Aſtronomers have found 
the Diameters of the fix'd Stars, in Teleſcopes 
of between 20 and 60 Feet in length, to be a- 
bout 5" or 6”, or at moſt 8” or 10“ in diame- 
ter. But if the Eye-Glaſs be tinted faintly. 
with tlie Smoak of a Lamp or Torch, to ob- 
ſcure the Light of the Star, the fainter Light 
in the Circumference of the Star ceaſes to be 
viſible, and the Star (if the Glaſs be ſufficiently 
ſoiled with Smoak) appears ſomething more 
like a mathematical Point. And for the ſame 
Reaſon, the enormous Part of the Light in the 
Circumference of every lucid Point ought to be 
leſs diſcernible in ſhorter 2 than in lon- 
ger, becauſe the ſhorter tranſmit leſs Light to the 
Eye. 

N ow, that the fix d Stars, by reaſon of their 
immenſe Diſtance, appear like Points, unleſs ſo 
far as their Light is dilated by Refraction, may 
appear from hence; that when the Moon paſſes 
over them and eclipſes them, their Light vaniſhes, 
not gradually like that of the Planets, but all at 
once; and in the end of the Eclipſe it returns 
into Sight all at once, or certainly in leſs time 
than the ſecond of a Minute; the Refraction of 
the Moon's Atmoſphere a little protracting the 
time in which the Light of the Star firſt vaniſhes, 
and afterwards returns into Sight. 

Now, if we ſuppoſe the ſenſible Image of a lu- 
cid Point, to be eyen 250 times narrower than 
the Aperture of the Glaſs; yet this Image would 
be ſtill much greater than if it were only from 
the ſpherical Figure of the Glaſs. For were 
it not for the different Refrangibility of the 


Rays, 
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Rays, its breadth in an 100 Foot Teleſcope 


whoſe aperture is 4 Inches, would be but, — 


parts of an Inch, as is manifeſt by the e 
Computation. And therefore in this caſe the 


greateſt Errors ariſing from the ſpherical Figure 


of the Glaſs, would be to the greateſt ſenſible 
Errors ariſing _ the different Refrangibility 
. — tO — at moſt, that is on- 
ly as 1 to 1200. And this ſufficiently ſhews that 
it is not the ſpherical Figures of Glaſſes, but the 
different Refrangibility of the Rays which hin- 
ders the perfection of Teleſcopes. 

There is another Argument by which it may 


of the Rays as 


2 that the different Refrangibility of Rays, 
s the true cauſe of the imperfection of Tele- 


GR For the Errors of the Rays ariſing from 


the ſpherical Figures of Object-glaſſes, are as the 


Cubes of the Apertures of the Object Glaſſes; 
and . thence to make Teleſcopes of various 
Lengths magnify with equal diſtinctneſs, the 
2 8 the Object-g gates and the Charges 
or magnifying Powers ought to be as the 
Cubes of the ſquare Roots of their lengths; 
which doth not anſwer to Experience. But 


the Errors of the Rays ariſing from the different 


Refrangibility, are as the Apertures of the Ob- 
ject-glaſſes; and thence to make Teleſcopes of 
various lengths, magnify with equal diſtinctneſs, 


their Apertures and Charges ought to be as the 


ſquare Roots of their lengths; and this anſwers 
to Experience, as is well known. For Inſtance, 


a Teleſcope of 64 Feet in length, with an Apere | 
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ture of 23 Inches, magnifies about 120 times, 
with as much diſtinctneſs as one of a Foot in 
length, with . of an Inch aperture, magnifies 15 

Now were it not for this different Refrangi- 
bility of Rays, Teleſcopes might be brought to 
a greater perfection than we have yet deſcrib'd, 
by compoſing the Object-glaſs of two Glaſſes 
with Water between them. Let ADFC [in Fig. 
28.] repreſent the Object-glaſs compoſed of two 
Glaſſes ABED and BEFC, alike convex on the 
outſides AG D and CHF, and alike concave 
on the infides BME, BNE, with Water in 
the concavity BMEN. Let the Sine of Inci- 
dence out of Glaſs into Air be as I to R, and 
out of Water into Air, as K to R, and by con- 

uence out of Glaſs into Water, as I to K: 
and let the Diameter of the Sphere to which the 
convex ſides AG D and CHF are ground be 
D, and the Diameter of the Sphere to which 
the concave ſides BME and BNE, are ground 
be to D, as the Cube Root of KK—KI to the 
Cube Root of RK—RI: and the Refractions 
on the concave ſides of the Glaſſes, will very 
much correct the Errors of the Refractions on 
the convex fides, ſo far as they ariſe from the 
ſphericalneſs of the Figure. And by this means 
might Teleſcopes be brought to ſufficient per- 
fection, were it not for the different Refrangi- 
bility of ſeveral ſorts of Rays. But by reaſon 
of this different Refrangibility, I do not yet ſee 
any other means of improving Teleſcopes by 
Refractions alone, than that of increaſing their 
lengths, for which end the late Contrivance of 
Hugentus 
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Hugenius ſeems well accommodated. For very 
long Tubes are cumberſome, and ſcarce to be 
readily managed, and by reaſon of their length 
are very apt to bend, and ſhake by bending, fo 
as to cauſe a continual trembling in the Objects, 
whereby it becomes dithqglt to ſee them diſtinct- 
ly: whereas by his Contrivance the Glaſſes are 
readily manageable, and the Object-glaſs being 
2 upon a ſtrong upright Pole becomes more 
y. 


ſcopes of given lengths by Refractions is deſpe- 
rate; I contrived heretofore a Perſpective by 


Reflexion, uſing inſtead of an Object-glaſs a 


concave Metal. The diameter of the Sphere 
to which the Metal was ground concave was a- 
bout 25 Engliſb Inches, and by conſequence 
the length of the Inſtrument about ſix Inches 
and a quarter. The Eye-glaſs was Plano-con- 
vex, and the diameter of the Sphere to which 
the convex ſide was ground was about F of an 
Inch, or a little leſs, and by conſequence it 
magnified between 30 and 40 times. By ano- 
ther way of meaſuring I found that it magnified 
about 35 times. The concave Metal bore an 
Aperture of an Inch and a third part; but the 
Aperture was limited not by an opake Circle, 
covering the Limb of the Metal round about, 
but by an opake Circle placed between the Eye- 


glaſs and the Eye, and perforated in the mid- 


dle with a little round hole for the Rays to paſs 
through to the Eye. For this Circle by being 
pu here, ſtopp'd much of the errroneous 


the 


Seeing cherefore che Improvement of Tele- 


ight, which otherwiſe would have diſturbed 
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the Viſion. By comparing it with a pretty good 
Perſpective of four Feet in length, made with 
a concave Eye-glaſs, I could read at a greater 
diſtance with my own Inſtrument than with the 
Glaſs. Yet Objects appeared much darker in 
it than in the Glaſs and that partly becauſe 
more Light was loſt by Reflexion in the Metal, 
than by Refraction in the Glaſs, and partly be- 
cauſe my Inſtrument was overcharged. Had it 
magnified but 30 or 25 times, it would have 
made the Object appear more brisk and pleaſant. 
Two of theſe I made about 16 Years ago, and 
have one of them ſtill by me, by which I can 
prove the truth of what I write. Vet it is not 
ſo good as at the firſt. For the concave has been 
divers times tarniſhed and cleared again, by rub- 
bing it with very ſoft Leather. When I made 
theſe an Artiſt in London undertook to imitate it; 
but uſing another way of poliſhing them than I 
did, he fell much ſhort of what I had attained 
to, as I afterwards underſtood by diſcourſing 
the Under-workman he had employed. The 
Poliſh I uſed was in this manner. I had 
two round Copper Plates, each fix Inches in 
Diameter, the one convex, the other concave, 
ground very true to one- another. On the con-- 
vex I ground the Object-Metal or Concave- 
which was to be poliſh'd, till it had taken the 
Figure of the Convex and was ready for a 
Poliſh. Then I pitched over the convex very 
thinly, by dropping melted Pitch upon it, and 
warming it to keep the Pitch ſoft, whilſt I 
ground it with the concave Copper wetted 
to make it ſpread eavenly all over the RO 
Thus 
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Thus by working it well 1 __ it as thin as a 
Groat, and after the convex was cold I ground 
it again to give it as true a Figure as I could. 
Then I took Putty which I had made very fine 
by waſhing it from all its grofſer Particles, and 
laying a little of this upon the Pitch, I ground 
it upon the Pitch with the concave Copper, till 
it had done making a Noiſe; and then upon the 
Pitch I ground the Object-Metal with a brisk 
motion, for about two or three Minutes of 
time, leanin 1 upon it. Then I put freſh 
Putty upon the Pitch, and ground it again till ic 

had done making a noiſe, and afterwards ground 
the Object-Metal upon it as before. And this 
Work I repeated till the Metal was poliſhed, 


grinding it the laſt time with all my ſtrengch 


or a good while together, and frequently 
3 upon the Pitch, to keep i it moiſt with- 
out laying on any more freſh Putty. The Ob- 
ject-Metal was two Inches broad, and about one 
third part of an Inch thick, to keep it from 
bending. I had two of theſe Merals, and when 
I had poliſhed them both, I tried which was 
beſt, and ground the other again, to ſee if I could 
make it better than that which 1 kept, And 
thus by many Trials I learn'd the way of . po- 
liſhing, till I made thoſe two reflecting Perſpe- 
tives I ſpake of above. For this Art of po- 
liſhing will be better learn'd by repeated Pra- 
ctice than by my Deſcriptioa. Before I ground 
the Objec-Meral on the Pitch, I always ground 
the Putty on it with the concave Copper, till it 
had done making a noiſe, becauſe if the Parti- 


cles of the Putty were not by this means made 
to 
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to ſtick faſt in the Pitch, they would by rolling 
up and down grate and fret the Object-Metal and 
25 it full of little holes. | | 
But becauſe Metal is more difficult to poliſh 
4 than Glaſs, and is afterwards very apt to be 
i ſpoiled by tarniſhing, and reflects not ſo much 
b Light as Glaſs quick-ſilver d over does: I would 
\ propound to uſe inſtead of the Metal, a Glaſs 
ground concave on the foreſide, and as much 
convex on the back-fide, and quick-filver'd o- 
ver on the convex ſide. The Glaſs muſt be e- 
very where of the ſame thickneſs exactly. O- 
therwiſe it will make Objects look colour d and 
indiſtin&t. By ſuch a Glaſs I tried about five or 
fix Years ago to make a reflecting Teleſcope of 
four Feet in length to magnify about 150 times, 
and I ſatisfied my ſelf that there wants nothing 
but a good Artiſt to bring the Deſign to perfe- 
ction. For the Glaſs being wrought by one of 
our London Artiſts after ſuch a manner as they 
grind Glaſſes for Teleſcopes, though it ſeemed as 
well wrought as the Object-glaſſes uſe to be, yet 
when it was quick-filver'd, the Reflexion Gl. 
covered innumerable Inequalities all over the 
Glaſs. And by reaſon of theſe Inequalities, Ob- 
jects appeared indiſtinct in this Inſtrument. For 
the Errors of reflected Rays cauſed by any Ine- 
uality of the Glaſs, are about ſix times greater 
ow the Errors of refracted Rays . 
the like Inequalities. Yet by this Experiment 
J ſatisfied my ſelf that the Reflexion on the 
concave ſide of the Glaſs, which I feared would 
diſturb the Viſion, did no ſenſible prejudice to 
it, and by conſequence that nothing is wanting 
| to 
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to perfect theſe Teleſcopes, 
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but good Workmen 
who can grind and poliſh Glaſſes truly ſpherical. 
An Object-glaſs of a fourteen Foot Teleſcope, 
made by an Artificer at Landon, I once — 


conſiderably, by grinding it on Pitch with Put- 


ty, and leaning very eaſily on it in the grindi 


- » 


leſt the Putty ſhould: ſcratch ir. Whether this 
way may not do well enough for poliſhing theſe 


_ reflecting Glaſſes, I have not yet tried. But he 


that ſhall try either this or any other way of po- 
liſhing which he may think better, may do well 
to make his Glaſſes ready for poliſhing, by grind- 
ing them without that Violence, wherewith our 
London Workmen preſs their Glaſſes in grinding. 
For by ſuch violent preſſure, Glaſſes are apt to 
bend a little in the grinding, and ſuch bending 
will certainly ſpoil their Figure. To recom- 
mend therefore the conſideration of theſe reflect- 
ing Glaſſes to ſuch Artiſts as are curious in fi- 
guring Glaſſes, I ſhall deſcribe this optical Inſtru- 
ment in the following Propoſition. 


— — — 4 


PROP. VIII. Pros. II. 


To ſhorten Teleſcopes, 


Fa ABDC [in Fig. 29.] repreſent a Glaſs 
ſpherically concave on the foreſide AB, and 
as much convex on the backſide CD, ſo that 
it be every where of an equal thickneſs. Let it 
not be thicker on one. fide than on the other, 
leſt it make Objects appear colour'd and _ 
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ſtint, and let it be very truly wrought and 


quick-filver'd over on the backſide; and fer in 


the Tube VXYZ which muſt be very black 


within. Let EFG repreſent a Priſm of Glaſs 
or Cryſtal placed near the other end of the 


Tube, in the middle of it, by means of a han- 


dle of Braſs or Iron FGK, to the end of which 
made flat it is cemented, Let this Priſm be 


rectangular at E, and let the other two Angles 


at F and G be accurately equal to each other, 
and by conſequence equal to half right ones, 
and let the plane ſides FE and GE be ſquare, 
and by conſequence the third ſide FG a rectan- 


lar Parallelogram, whoſe length is to its 


| breadth in a ſubduplicate proportion of two to 


one. Let it be ſo placed in the Tube, that 
the Axis of the Speculum may paſs through the 
middle of the ſquare ſide EF perpendicularly 
and by conſequence through the middle of the 
ſide FG at an Angle of 45 Degrees, and let the 
ſide EF be turned towards the Speculum, and 
the diſtance of this Priſm from the Speculum 
be ſuch that the Rays of the Light PQ, RS, &c. 
which are incident upon the Speculum in Lines 
parallel to the Axis thereof, may enter the Priſm 
at the fide EF, and be reflected by the fide 
FG, and thence go out of it through the fide 
GE, to the point T, which muſt be the com- 
mon Focus of the Speculum ABDC, and of a 
Plano-convex Eye-glaſs H, through which thoſe 
Rays muſt paſs to the Eye. And let the Rays at 
their coming out, of the Glaſs paſs through 


a ſmall round hole, or aperture made in a lit- 


tle plate of Lead, Braſs, or Silver, —_— 
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the Glaſs is to be covered, which hole muſt be 
no bigger than is neceſſary for Light enough to 


paſs through. For ſo it will render the Object 


diſtinct, the Plate in which tis made intercept- 
ing all the erroneous part of the Light which 
comes from the verges of the Speculum AB. 
Such an Inſtrument well made, if it be fix Foot 
long, (reckoning the length from the Speculum 
to the Priſm, and thence to the Focus T) will 
bear an aperture of fix Inches at the Speculum, 
and magnify between two and three hundred 
times. But the hole H here limits the aperture 
with more advantage, than if the aperture was 
placed at the Speculum. If the Inſtrument be 


made longer or ſhorter, the aperture muſt be-in 


proportion as the Cube of the ſquare-ſquare Root 
of the length, and the magnitying as the aper- 
ture. But it's convenient that the Speculum be 


an Inch or two broader than the aperture at the 


leaſt, and that the Glaſs of the Speculum be 
thick, that it bend not in the working. The 
Priſm EFG mult be no bigger than is neceſſary, 
and its back ſide FG muſt not be quick-filver'd 
over. For without quickſilver it will reflect all 
the Light incident on it from the Speculum. 

In this Inſtrument the Object will be inverted, 
but may be erected by making the ſquare ſides 
FF and EG of the Priſm EFG not plane but 
ſpherically convex, that the Rays may croſs as 
well before they come at it as afterwards between 
it and the Eye-glaſs. If it be delired that the 
Inſtrument bear a larger aperture, that may be 
alſo done by compoſing the Speculum of two 


Glaſſes with Water between them. 
H If 
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If the Theory of making Teleſcopes could at 

length be fully brought into Practice, yet there 
would be certain Bounds beyond which Tele-. 
ſcopes could not perform. For the Air through 
which we look upon the Stars, is in a perpetual 
Tremor; as may be ſeen by the tremulous Moti- 
on of Shadows caſt from high Towers, and by 
the twinkling of the fix'd Stars. But theſe Stars 
do not twinkle when viewed through Teleſcopes 
which have large apertures. For the Rays of 
Light which paſs through divers parts of the 
aperture, tremble each of them apart, and by 
means of their various and ſometimes contrary 
Tremors, fall at one and the fame time upon dif- 
ferent points in the bottom of the Eye, and their 
trembling Motions are too quick and confuſed to 
be perceived ſeverally. And all theſe illuminated 
Points conſtitute' one broad lucid Point, com- 

oſed of thoſe many trembling Points confuſed- 
y and inſenſibly mixed with one another by very 
ſhort and ſwift Tremors, and thereby cauſe the 
Star to appear broader than it is, and without 
any trembling of the whole. Long Teleſc 
may caufe Objects to appear brighter and larger 
than ſhort ones can do, but they cannot be ſo 
formed as to take away that confuſion of the 
Rays which ariſes from the Tremors of the At- 
moſphere. The only Remedy is a moſt ferene 
and quiet Air, ſuch as may perhaps be found on 
the tops of the higheſt Mountains above the groſ- 
ſer Clouds. 
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PART II. 


FROE 1 Trtor. I. 


The Phenomena of Colours in refracted or 
refleted Light are not cauſed by new 
Modifications of the Light variouſly i in- 


preſs d, according to the various Termi- 


nations of the Light and Shadow. 


bees Proof by Experiments. 


EE OR if the Sun ſhine into a 
very dark Chamber through 
an oblong hole F, [10 Fig. 1 rh 
whoſe breadth is the ſixth or 

eighth part of an 122 or ſomething leſs; and 
his beam F H do afterwards paſs firſt through a 


H 2 very 
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very large Priſm ABC, diſtant about 20 Feet 
from the hole, and parallel to it, and then ( with 
its white part) through an oblong hole H, whoſe 
breadth is about the fortieth or ſixtieth part of 
an Inch, and which is made in a black opake 
Body GI, and placed at the diſtance of two or 
three Feet from the Priſm, in a parallel Situa- 
tion both to the Priſm and to the former hole, 
and if this white Light thus tranſmitted through 
the hole H, fall afterwards upon a white Paper 
pt, placed after that hole , at the diſtance of 
three or four Feet from it, and there paint the 


uſual Colours of the Priſm, ſuppoſe red at r, 


yellow at s, green at 7, blue at 9, and violet 
at y; you may with an Iron Wire, or any ſuch 


like ſlender opake Body, whoſe breadth is a- 


bout the tenth part of an Inch, by intercepting 
the Rays at E, /, n, nor o, take away any one 
of the Colours at , 5, 7, q or p, whilſt the other 
Colours remain upon the Paper as before; or 
with an Obſtacle . ſomething bigger you may 
tak away any two, or three, or four Colours 
together, the reſt remaining: So that any one 
of the Colours as well as violet may become 
outmolt in the Confine of the Shadow towards 
p, and any one of them as well as red may be- 
come outmoſt in the Confine of the Shadow to- 
wards t, and any one of them may alſo bor- 
der upon the Shadow made within the Colours 
by the Obſtacle R intercepting ſome interme- 
diate part of the Light; and, laſtly, any one of 
them by being left alone, may border upon the 
Shadow on either hand. All the Colours have 


themſelves indxterently to any Confines of Sha- 
| SY dow, 
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dow, and therefore the differences of theſe Co- 
lours from one another, do not ariſe from the 
different Confines of Shadow, whereby Light 
is variouſly modified, as has hitherto. been the 
Opinion of Philoſophers. In trying theſe things 
tis to be obſerved, that by how much the holes 
F and H are narrower, and the Intervals be- 
tween them and the Priſm greater, and the 
Chamber darker, by ſo much the better doth the 
Experiment ſucceed; provided the Light be. 
not ſo far diminiſhed, but that the Colours at 
pt be ſufficiently viſible. To procure a Priſm 
of ſolid Glaſs large enough for this Experiment 
will be difficult, and therefore a priſmatick Vet- 
fel muſt be made of poliſh'd Glaſs Plates ce- 
mented together, and filled with ſalt Water or 
clear Oil. | | | 
Exper. 2. The Sun's Light let into a dark 
Chamber through the round hole F, in Fig. 2.] 
half an Inch wide, paſſed firſt through the Priſm 
ABC placed at the hole, and then through a 
Lens PT ſomething more than four Inches 
broad, and about eight Feet diſtant from the 
| Priſm, and thence converged to O the Focus 
of the Lens diſtant from it about three Feer, 
and there fell upon a white Paper DE. If thar 
Paper was perpendicular to that Light incident 
upon it, as 'tis repreſented in the poſture DE, 
all the Colours upon it at O appeared white. 
But if the Paper being turned about an Axis 
parallel to the Priſm, became very much incli- 
ned to the Light, as 'tis repreſented in the Po- 
ſitions de and Je; the ſame Light in the one 
caſe appeared yellow and red, in the other blue. 
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Here one and the ſame part of the Light in one 
and the ſame place, according to the various In- 
clinations of the Paper, appeared in one caſe 
white, in another yellow or red, in a third blue, 
whilſt the Confine of Light and Shadow, and 
the Refractions of the Priſm in all theſe caſes 
remained the ſame. 

Exper. 3. Such another Experiment may be 
more eaſily tried as follows. Let a broad beam 
of the Sun's Light coming into a dark Cham- 
ber through a hole in the Window-ſhut be re- 


fracted by a large Priſm ABC, [in Fig. 3.] 


whoſe refracting Angle C is more than 60 De- 
grees, and ſo ſoon as it comes out of the Priſm, 
let it fall upon the white Paper DE glewed up- 
on a ſtiff Plane; and this Light, when the Pa- 
per is perpendicular to it, as 'tis repreſented in 
DE, will appear perfectly white upon the Pa- 


per; but when the Paper is very much inclin'd 


to it in ſuch a manner as to keep always paral- 
lel to the Axis of the Priſm, the whiteneſs of 
the whole. Light upon the Paper will according 
to the inclination of the Paper this way or that 
way, change either into yellow and red, as in 


'the poſture de, or into blue and violet, as in 


the poſture Se. And if the Light before it fall 
upon the Paper be twice refracted the ſame 
way by two parallel Priſms, theſe Colours will 
become the mpre conſpicuous. Here all the 
middle parts of the broad beam of white Light 
which fell upon the Paper, did without any 
Confine of Shadow to modify it, become co- 
lour'd all over with one uniform Colour, the 


Colour being always the ſame in the middle of 
| the 
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the Paper as at the edges, and this Colour chan- 
ged according to the various Obliquity of the 
reflecting Paper, without any change in the Re- 
fractions or Shadow, or in the Light which fell 
upon the Paper. And therefore theſe Colours 
are to be derived from ſome other Cauſe than the 
new Modifications of Light by Refractions and 
Shadows. | 
If it be aſked, what then is their Cauſe? TI 
anſwer, That the Paper in the poſture de, being 
more oblique to the more refrangible Rays than 
to the leſs refrangible ones, is more ſtrongly illu- 
minated by the latter than by the former, and 
therefore the leſs refrangible Rays are predomi- 
nant in the reflected Light. And where-ever 
they are predominant in any Light, they tinge it 
with red or yellow, as may in ſome meaſure ap- 
pear by the firſt Propoſition of the firſt Part of 
this Book, and will more fully appear hereafter. 
And the contrary happens in the poſture of the 
Paper Je, the more refrangible Rays being then 
predominant which always tinge Light with 
blues and violets. ZN 
Exper 4. The Colours of Bubbles with which 
Children play are various, and change their Si- 
tuation variouſly, without any reſpect to an 
Confine or Shadow. If ſuch a Bubble be co- 
ver d with a concave Glaſs, to keep it from be- 
ing agitated by any Wind or Motion of the Air, 
the Colours will flowly and regularly change 
their Situation, even whilſt the Eye and the 
Bubble, and all Bodies which emit any Light, 
or caſt any Shadow, remain unmoved. And 
therefore their Colours ariſe from ſome regular 
H 4 Cauſe 
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Cauſe which depends not on any Confine of Sha- 
dow. What this Cauſe is will be ſhewed in the 
next Book. | 

- To theſe Experiments may be added the 

tenth Experiment of the firſt Part of this firſt 

Book, where the Sun's Light in a dark Room be- 

ing trajected through the parallel 1 of 

two Priſms tied together in the form of a Paralle- 
lopipede, became totally of one uniform yellow 
or red Colour, at its emerging out of the Priſms. 

Here, in the production of theſe Colours, the 
Confine of Shadow can have nothing to do. 
For the Light changes from white to yellow, 

orange and red ſucceſſively, without any alte- 


ration of the Confine of Shadow: And at both 


edges of the emerging Light where the con- 


trary Confines of Shadow ought to produce 
different Effects, the Colour is one and the 


ſame, whether it be white, yellow, orange or 
red: And in the middle of the emerging Light, 
where there is no Confine of Shadow at all, the 
Colour is the very ſame as at the edges, the 
whole Light at its very firſt Emergence being of 
one uniform Colour, whether white, yellow, 


orange or red, and going on thence perpetual- ' 


ly without any change of Colour, ſuch as the 
Confine of Shadow is vulgarly ſuppoſed to work 
in refracted Light after its Emergence. Nei- 
ther can theſe Colours ariſe from any new Mo- 
difications of the Light by Refractions, becauſe 
they change ſucceſſively from white to yellow, 
orange and. red, while the Refractions remain 
the ſame, and alſo becauſe the Refractions are 


made contrary ways by parallel Superficies which 


deſtroy. 
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deſtroy one another's Effects. They ariſe not 
realy from any Modifications of Light made 
by Refractions and Shadows, but have ſome other 
Cauſe. What that Cauſe is we ſhewed above in 
this tenth Experiment, and need not here re- 
| peat it. | | 

There is yet another material Circumſtance of 
this Experiment. For this emerging Light being 
by a third Priſm HIK [in Fig. 22. Part I.] re- 
fracted towards the Paper PT, and there painting 
the uſual Colours of the Priſm, red, yellow, green, 
blue, violet: If theſe Colours aroſe from the Re- 
fractions of that Priſm modifying the Light, they 
would not be in the Light before its Incidence on 
that Priſm. And yet in that Experiment we 
found, that when by turning the two firſt Priſms 
about their common Axis all the Colours were 
made to vaniſh but the red; the Light which 
makes that red being left alone, appeared of 
the very ſame red Colour before its Incidence 
on the third Priſm. And in general we find 
by other Experiments, that when the Rays 
which differ in Refrangibility are ſeparated from 
one another, and any one Sort of them is con- 
ſidered apart, the Colour of the Light which 
they compoſe cannot be changed by any Re- 
fraction or Reflexion whatever, as it ought to 
be were Colours nothing elſe than Modifica- 
tions of Light cauſed by Refractions, and Re- 
flexions, and Shadows. This Unchangeableneſs 
of Colour I am now to deſcribe in the following 
Propoſition. | 


PROP. 


106 Tran 


PROP. II. TRHEOR. II. 


All homogeneal Light has its proper Colour 
anſwering to its Degree of Refrangibi- 
lity, and that Colour cannot be changed 
by Reflexions and Refractions. 


N the Experiments of the fourth Propoſition 
of the firſt Part of this firſt Book, when 1 had 
ſeparated the heterogeneous Rays from one ano- 
ther, the Spectrum pt formed by the ſeparated 
Rays, did in the Progreſs from its End , on which 
the moſt refrangible Rays fell, unto its other 
End r, on which the leaſt refrangible Rays fell, 
appear tinged with this Series of Colours, violet, 
indigo, blue, green, yellow, orange, red, together 
with all their intermediate Degrees in a continual 
Succeſſion perpetually varying. So that there ap- 
peared as many Degrees of Colours, as there were 
ſorts of Rays differing in Refrangibility. 
| Exper. 5. Now, that theſe Colours could not be 
N changed by Refraction, I knew by refracting with 
8 a Priſm ſometimes one very little Part of this Light, 
ſometimes another very little Part, as is deſcribed 
in the twelfth Experiment of the firſt Part of this 
Book. For by this Refraction the Colour of the 
Light was never changed in the leaſt. If any 
Part of the red Light was refracted, it remained 
totally of the ſame red Colour. as before. No 
orange, no yellow, no green or blue, no other 
new Colour was produced by that Refraction. 
Neither did the Colour any ways change by 
repeated Refractions, but continued _ the 
| ame 
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ſame red entirely as at firſt. The like Con- 
ſtancy and Immutability I found alſo in the blue, 
green, and other: Colours. So alſo, if I looked 
through a Priſm upon any Body illuminated with 
any Part of this homogeneal Light, as in the four- 
teenth Experiment of the firſt Part of this Book 
is deſcribed; I could not perceive any new Co- 
lour generated this way. All Bodies illumina- 


ted with compound Light appear through Priſms 


confuſed, (as was ſaid above) and tinged with 


various new Colours, but thoſe illuminated with 


homogeneal Light appeared through Priſms 
neither leſs diſtin, nor otherwiſe colour'd, 
than when viewed with the naked Eyes. Their 
Colours were not in the leaſt changed by the 
Refraction of the interpoſed Priſm. I ſpeak 
here of a ſenſible Change of Colour: For the 
Light which I here call homogeneal, being not 


abſolutely homogeneal, there ought to ariſe | 


ſome little Change of Colour from its Hetero- 
geneity. But, if that Heterogeneity was ſo lit- 
tle as it might be made by the ſaid Experiments 
of the fourth Propoſition, that Change was not 


' ſenſible, and therefore in Experiments, where 


Senſe is Judge, ought to be accounted none 
at all. 
Exper. 6. And as theſe Colours were nor 


changeable by Refractions, ſo neither were they 


by Reflexions. For all white, grey, red, yel- 


low, green, blue, violet Bodies, as Paper, Aſhes, 
red Lead, Orpiment, Indico, Bife, Gold, Sil- 
ver, Copper, Graſs, blue Flowers, Violets, 
Bubbles of Water tinged with various Colours, 
Peacock's Feathers, the Tincture of Lignum 
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Nepbriticum, and ſuch-like, in red homogeneal 


Light appeared totally red, in blue Light totally 
blue, in green Light totally green, and ſo of other 
Colours. In the homogeneal Light of any Co- 
lour they all appeared totally of that ſame Co- 


lour, with this only Difference, that ſome of them 


reflected that Light more ſtrongly, others more 
faintly. I never yet found any Body, which by 
reflecting homogeneal Light could ſenſibly change 
its Colour. 

From all which it is manifeſt, that if the Sun's 
Light conſiſted of but one ſort of Rays, there 
would be but one Colour in the whole World, 
nor would it be poſſible to produce any new Co- 
lour by Reflexions and Refractions, and by conſe- 


quence that the Variety of Colours depends upon 


the Compoſition of Light. 


DEFINITION. 


HE homogeneal Light and Rays which 
| appear red, or rather make Objects ap- 


pear ſo, I call Rubrifick or Red-making ; thoſe 


which make Objects appear yellow, green, blue, 


and violet, I call Yellow-making, Green-making, 
Blue-making, Violet-making, and ſo of the reſt. 
And if at any time I ſpeak of Light and Rays 


as coloured or endued with Colours, I would 
be underſtood to ſpeak not philoſophically and 


properly, but groſly, and accordingly to ſuch 
Conceptions as vulgar People in ſeeing. all theſe 
Experiments would be apt to frame. For the 


| Rays to ſpeak properly are not coloured. In 


them there is nothing elſe than a certain Power 
and 
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and Diſpoſition to ſtir up a Senſation of this or that 
Colour. For as Sound 1n a Bell or muſical String, 
or other ſounding Body, is _— but a trem- 
bling Motion, and in: the Air nothing but that 
Motion propagated from the Object, and in the 
Senſorium tis a Senſe of that Motion under the 
Form of Sound; ſo Colours in the Object are no- 
thing but a Diſpoſition to reflect this or that ſort 
of Rays more copiouſly than the reſt; in the 
Rays they are nothing but their Diſpoſitions to 
propagate this or that Motion into the Senſorium, 
and in the Senſorium they are Senſations of thoſe 


Motions under the Forms of Colours. 


PROP. III. PRO B;. I. 


To define the Refrangibility of the ſeveral 
ſorts of homogeneal Light anſwering to 
the ſeveral Colours. | 


OR determining this Problem I made the 
following Experiment. * 

Exper. 7. When I had cauſed the Rectilinear 
Sides AF, GM, [in Fig. 4.] of the Spectrum of 
Colours made by the Priſm to be diſtinctly de- 
fined, as in the fifth Experiment of the firſt Part 
of this Book is deſcribed, there were found in it 
all the homogeneal Colours in the ſame Order 
and Situation one among another as in the 
Spectrum of ſimple Light, deſcribed in the 
fourth Propoſition of that Part. For the Cir- 
cles of which the Spectrum of compound Light 


See our Author's Le, Optic.. Part II. See. II. p. 239. 
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PT is compoſed, and which in the middle Parts 


of the Spectrum interfere, and are intermix'd with 


one another, are not intermix'd in their outmoſt 


Parts where they touch thoſe Rectilinear Sides 
AF and GM. And therefore, in thoſe Recti- 


linear Sides when diſtinctly defined, there is no 


new Colour generated by Refraction. I obſerved 
alſo, that if any where between the two outmoſt 
Circles IMF and PGA a Right Line, as y J, 


was croſs to the Spectrum, ſo as both Ends to 


fall perpendicularly upon its Rectilinear Sides, 
.there appeared one and the ſame Colour, and de- 
gree of Colour from one End of this Line to 


the other. I delineated therefore in a Paper 


the Perimeter of the Spectrum FAP GMT, 
and in trying the third Experiment of the firſt 
Part of this Book, I held the Paper ſo that 
the Spectrum might fall upon this delineated 
Figure, and agree with it exactly, whilſt an 
Aſiiſtant, whoſe Eyes for diſtinguiſhing Colours 
were more critical than mine, did by Right 
Lines æ g, y0, &, &c. drawn croſs the x 4 
ctrum, note the Confines of the Colours, t 
is of the red Mag F, of the orange @y8&Þ, 
of the yellow ed, of the green en, of the 
blue nx, of the indico 1A px, and of the vio- 
let A GAE. And this Operation being divers 
times repeated both in the ſame, and in ſeveral 
Papers, I found that the Obſervations agreed 
well enough with one another, and that the 
Rectilinear Sides MG and FA were by the ſaid 
croſs Lines divided after the manner of a Mufi- 
ca) Chord. Let GM be produced to X, that 
MX may be equal to GM, and conceive 
2 GX, 


* 
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GR, AX, IX, nX, X, y X, a X, MX, to be 
in proportion to one another, as the Numbers, 
I, 5, F, 4, 2, % , 2, and ſo to repreſent the Chords 
of the Key, and of a Tone, a third Minor, a 
fourth, a fifth, a ſixth Major, a ſeventh and an 
eighth above that Key: And the Intervals M a, 


40 Ye, en, n4, 12, and AG, will be the Spaces 


which the ſeveral Colours ( red, orange, yel- 
low, green, blue, indigo, violet) take up. 
Now theſe Intervals or Spaces ſubtending the 
Differences pf the Refractions of the Rays go- 
ing to the Limits of thoſe Colours, that is, to 
the Points M, a, y, e, u, „ A, G, may without 
any ſenſible Error be accounted proportional 
to the Differences of the Sines of Refraction of 
thoſe Rays having one common Sine of Inci- 
dence, and therefore ſince the common Sine of 
Incidence of the moſt and leaſt refrangible Rays 
out of Glaſs into Air was (by a Method deſcri- 
bed above) found in proportion to their Sines 
of Refraction, as 50 to 77 and 78, divide the 
Difference between the Sines of Refraction 77 
and 78, as the Line GM is divided by Thats 
Intervals, and you will have 77, 77s, 77+, 775 


75 772, 772, 78, the Sines of Refraction of thoſe 


Rays out of Glaſs into Air, their common Sine 
of Incidence being 50. So then the Sines of 
the Incidences of all the red-making Rays out 
of Glaſs into Air, were to the Sines of their Re- 
fractions, not greater than 5o to 77, nor leſs 
than 50 to 774, but they varied from one ano- 
ther according to all intermediate Proportions. 


And the Sines of the Incidences of the green- 
| making 
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making Rays were to the Sines of their Refracti- 
ons in all Proportions from that of 50 to 77h» 


unto that of 5o to 771. And by the like Limits 


above-mentioned were the Refractions of the 


Rays belonging to the reſt of the Colours de- 


fined, the Sines of the red-making Rays extend- 
ing from 77 to 77;, thoſe of the orange-making 


from 77} to 77:, thoſe of the yellow-making 


from 774 to 77;, thoſe of the green-making 
from 77% to 77% thoſe of the blue-making from 
77: to 772, thoſe of the indigo-making from 
775 to 772, and thoſe of the violet from 77, to 


78 


out of Glaſs into Air, and thence by the third 
Axiom of the firſt Part of this Book, the Laws of 
the Refractions made out of Air into Glaſs are ea- 
fily derived. 

Exper.'8. I found moreover, that when Light 


goes out of Air through ſeveral contiguous re- 
fracting Mediums as through Water and Glaſs, 


and thence goes out again into Air, whether 


the refracting Superficies be parallel or inclin'd 
to one another, that Light as often as by con- 
trary Refractions tis ſo corrected, that it emer- 
geth in Lines parallel to thoſe in which it was 
incident, continues ever after to be white. But 
if the emergent Rays be inclined to the inci- 
dent, the Whiteneſs of the emerging Light will 
by degrees in paſſing on from the Place of Emer- 
gence, become tinged in its Edges with Co- 
lours. This I try'd by refracting Light with 
Priſms of Glaſs placed within a Priſmatick Veſ- 
{el of Water. Now thoſe Colours argue a di- 

verging 


Theſe are the Laws of the Refractions mack 
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verging and ſeparation of the heterogeneous Rays 
from one another by means of their unequal Re- 
fractions, as in what follows will more fully ap- 

And, on the contrary, tlie permanent 
whiteneſs argues, that in like Incidences of the 
Rays there is no ſuch ſeparation of the emerging 
Rays, and by conſequence no inequality of their 
whole Refractions. Whence I ſeem to gather 
the two following Theorems. 


1. The Exceſſes of the Sines of Refraction of 
ſeveral ſorts of Rays above their common Sine of 
Incidence when the Refractions are made out of 
divers denſer Mediums immediately into one and 
the ſame rarer Medium, ſuppoſe of Air, are to 

one another in a given Proportion. | 

22. The Proportion of the Sine of Incidence 
to the Sine of Refraction of one and the ſame 
ſort of Rays out of one Medium into another, 
is compoſed of the Proportion of the Sine of 
Incidence to the Sine of Refraction out of the 
firſt Medium into any third Medium, and of the 
Proportion of the Sine of Incidence to the Sine 
of Refraction out of that third Medium into the 
ſecond Medium. 


By the firſt Theorem the Refractions of the 
Rays of every ſort made out of any Medium in- 
to Air are known by having the Refraction of 
the Rays of any one ſort. As for inſtance, if 
the Refractions of the Rays of every ſort out 
of Rain-water into Air be defired, let the com- 
mon Sine of Incidence out of Glaſs into Air be 
{ſubdued from the * of Refraction, p 
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the Exceſſes will be 27, 274, 274, 274, 277, 
275 274, 28. Suppoſe now that the Sine of 
Incidence of the leaſt refrangible Rays be to 
their Sine of Refraction out of Rain- water into 
Air as 3 to 4, and fay as 1 the difference of thoſe 
Sines is to 3 the Sine of Incidence, ſo is 27 the 
leaſt of the Exceſſes above-mentioned to a fourth 
Number 81; and 81 will be the common Sine of 
Incidence out of Rain-water into Air, to which 
Sine if you add all the abovementioned Exceſſes, 
you will have the deſired Sines of the Refractions 
108, 108x, 1085, 108', 108', 1085, 1083, 
I09. 

By the latter Theorem the Refraction out of 
one Medium into another is gathered as often 
as you have the Refractions out of them both in- 
ro any third Medium. As if the Sine of Inci- 
dence of any Ray out of Glaſs into Air be to its 
Sine of Reftaction, as 20 to 31, and the Sine of 
Incidence of the ſame Ray out of Air into Wa- 
ter, be to its Sine of Reffaction as 4 to 3; the 
Sine of Incidence of that Ray out of Glaſs into 
Water will be to its Sine of Refraction as 20 to 31 
and 4 to 3 jointly, that is, as the Factum of 20 
and 4 to the Factum of 31 and 3, or as 80 to gz. 

And theſe Theorems being admitted into Op- 
ticks, there would be ſcope enough of hand- 
ling that Science voluminouſly after a new man- 
ner *; not only by teaching thoſe things which 
tend to the perfection of Viſion, but alſo by 
determining mathematically all kinds of Phæ- 
nomena of Colours which could be produced 


* 4s is done in our Author's Lect. Optic. Part I. Sec. III. and 
IV. and Part II. 8e8. II. 
/ by 
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by Reffactions. For to do this, there is nothing 
elſe requiſite than to find out the Separations of 
heterogeneous Rays, and their various Mixtures 
and Proportions in every Mixture. By this way 
of arguing I invented almoſt all the Phænomena 
deſcribed in theſe Books, beſide ſome others leſs 
neceſſary to the Argument; and by the ſucceſſes 
I met with in the Trials, I dare promiſe, that to 
him who ſhall argue truly, and then try all things 
with good Glaſſes and ſufficient Circumſpection, 
the expected Event will not be wanting. But he 
is firſt to know what Colours will ariſe from any 
others mix'd in any aſſigned Proportion. 


P ROP. IV. Trxok. III. 
Colours may be produced by Compoſition 
which ſhall be like to the Colours of homo- 
geneal Light as to the Appearance of Co- 
lour, but not as to the Immutability of 
Colour and Conſtitution of Light. And 
thoſe Colours by how much they are more 
compounded by ſo much are they leſs full 
and intenſe, and by too much Compoſition 
they may be diluted and weaken d till they. 
ceaſe, and the Mixture becomes white or 
grey. There may be alſo Colours produced 
by Compoſition, which are not fully like 
any of the Colours of homogeneal Light. 
OR a Mixture of homogeneal red and yel- 


low compounds an Orange, like jn appea- 
12 5 rance 


ally. Laſtly, If red and violet be mingled, there 
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rance of Colour to that orange which in the 
ſeries of unmixed priſmatick Colours lies between 
them; but the Light of one orange is homogeneal 
as to Refrangibility, and that of the other is he- 
terogeneal, and the Colour of the one, if viewed 
through a Priſm, remains unchanged, that of 
the other is changed and reſolved into its com 

nent Colours red and yellow. And after the ſame 
manner other neighbouring homogeneal Colours 
may compound new Colours, like the in- 
termediate homogeneal ones, as yellow and green, 
the Colour berween them both, and afterwards, 
if blue be added, there will be made a green 
the middle Colour of the three which enter the 
Compoſition. For the yellow and blue on either 
hand, if they are equal in quantity they draw the 
intermediate green equally towards themſelves in 
Compoſition, and ſo keep it as it were in Æqui- 
librio, that it verge not more to the yellow on the 
one hand, and to the blue on the other, but by 
their mix'd Actions remain ſtill a middle Colour. 
To this mix d green there may be farther added 
ſome red and violet, and yet the green will not 
preſently ceaſe, but only grow leſs full and vivid, 
and by increaſing the red and violet, it will grow 
more and more dilute, until by the prevalence of 
the added Colours it be overcome and turned into 
whiteneſs, or ſome other Colour. So if to the 
Colour of any homogeneal Light, the Sun's white 
Light compoſed of all ſorts of Rays be added, 
that Colour will not vaniſh or change its Species, 
but be diluted, and by adding more and more 
white it will be diluted mote and more perpetu- 


2 | will 
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will be generated according to their various Pro- 
portions: various Purples, fuch as are not like in 
appearance to the Colour of any homogeneal 
Light, and of theſe Purples mix'd with yellow 
and blue may be made other new Colours. 


— — — —— 
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Whiteneſs and all grey Colours between 
white and black, may be compounded of 
Colours, and the whiteneſs of the Sun's 
Light is compounded of all the primary 
Colours mix d in a due Proportion. 


The Proof by Experiments. 
Exper. 9 T HE Sun ſhining into a dark Cham- 
| ber — a little round hole in 
the Window-ſhut, and his Light being there 
refracted by a Priſm to caſt his coloured Image 
PT. [in Fig. 5.] upon the oppoſite Wall: I held 
a white Paper V to that Image in fuch manner 
that it might be illuminated by the colour'd 
Light reflected from thence, and yet not inter- 
cept any part of that Light in its paſſage from 
the Priſm to the Spectrum. And I found that 
when the Paper was held nearer to any Colour 
than to the reſt, it appeared of that Colour to 
which it approached neareſt; but when it was 
equally or almoſt equally diſtant from all the 
Colours, ſo that it might be equally illumina- 
ted by them all it appeared white. And in this 
laſt ſituation of the Paper, if ſoine Colours were 
I 3 inter- 


proper Colour, until it was incic 
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intercepted, the Paper loſt its white Colour, and 
appeared of. the Colour of the reſt of the Light 
which was not intercepted. So then the Pa- 
er was illuminated with Lights of various Co- 
. namely, red, yellow, green, blue and 
violet, and every part of the =: 5 retained its 
ent on the Pa- 
er, and became reflected thence to the Eye; 
ſo that if it had been either alone on reſt of 
the Light being intercepted) or if it had a- 
bounded moſt, and been predominant in the 
Light reflected from the Paper, it would have 
tinged the Paper with its own Colour ; and yet 
being mixed with the reſt of the Colours in a 
due proportion, it made the Paper look white, 
and therefore by a Compoſition with the reſt 
roduced that Colour. The ſeveral parts of 
the coloured Light reflected from the Spectrum, 
whilſt they are propagated from thence through 
the Air, do perpetually retain their proper Co- 
lours, becauſe wherever they fall upon the Eyes 
of any Spectator, they make the ſeveral parts of 
the Spectrum to appear under their proper Co- 
lours. They retain therefore their proper Co- 
lours when they fall upon the Paper V, and ſo 
by the confuſion and perfect mixture of thoſe 
Colours compound the whiteneſs of the Light 
reflected from thence. 
Exper. 10. Let that Spectrum or ſolar Image 


PT [in Fig. 6.] fall now upon the Lens MN 


above four Inches broad, and about fix Feet di- 
ſtant from the Priſm ABC and fo figured that 
it may cauſe the coloured Light which diverg- 
eth from the Priſm to converge and meet again 

3 | at 


r 


DO 119 


at its Focus G, about fix or eight Feet diſtant 


from the Lens, and there to fall perpendicularly 
upon a white Paper DE. And if you move 
this Paper to and fro, you will perceive that 
near the Lens, as at de, the whole ſolar Image 
(ſuppoſe at pf) will appear upon it intenſely 


coloured after the manner above-explained, and 


that by receding from the Lens thoſe Colours 
will perpetually come towards one another, and 
by mixing more and more dilute one another 
continually, until at length the Paper come to 
the Focus G, where by a perfect mixture they 
will wholly vaniſh and be converted into white- 
neſs, the whole Light appearing now upon the 
Paper like a little white Circle. And after- 
wards by receding farther from the Lens, the 
Rays which before converged will now croſs 
one another in the Focus G, and diverge from 
thence, and thereby make the Colours to appear 
again, but yet in a contrary order; ſuppoſe at 


Ke, where the red ? is now above which before 
was below, and the violet p is below which be- 


fore was above. 


Let us now ſtop the Paper at the Focus G, 
where the Light appears totally white and cir- 


cular, and let us conſider its whiteneſs. I fay, 
that this is compoſed of the converging Colours. 
For if any of thoſe Colours be intercepted at 
the Lens, the whiteneſs will ceaſe and degene- 
rate into that Colour which ariſeth from the 
compoſition of the other Colours which are nor 


intercepted. And then if the intercepted Co- 
lours be let paſs and fall upon that compound 
Colour, they mix with it, and by their mixture 


3 reſtore 
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ſtore the whiteneſs. So if the violet, blue and 
green be intercepted, the remaining yellow, 
orange and red will compound upon the Paper 
an orange, and then if the intercepted Colours 
be let paſs, they will fall upon this compounded 
orange, and together with it decompound a 
white. So alſo if the red and violet be inter- 
cepted, the remaining yellow, green and blue, 
will compound a green upon the Paper, and 
then the red and violet being let paſs will fall up- 
on this green, and together with it decompound 
a white. And that in this Compoſition of white 
the ſeveral Rays do not ſuffer any Change in their 
colorific Qualities by acting upon one another, 
but are only mixed, and by a mixture of their 
Colours produce white, may farther appear by 
theſe Arguments. 

If the Paper be placed beyond the Focus G, 
ſuppoſe at J e, and then the red Colour at the 
Lens be alternately intercepted, and let paſs a- 
gain, the violet Colour on the Paper will not ſuf- 
er any Change thereby, as it ought to do if the 
ſeveral ſorts of Rays acted upon one another in 
the Focus G, where they croſs. Neither will 
the red upon the Paper be changed by any alter- 
nate ſtopping, and letting paſs the violet which 
croſſeth it. | | 

And if the Paper be placed at the Focus G, 
and the white round Image at G be viewed 


through the Priſm HI K, and by the Refraction 


of that Priſm be tranſlated to the place rv, and 
there appear tinged with various Colours, name- 
ly, the violet at v and red at r, and others be- 


tween, and then the red Colours at the —_ 
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be often ſtopp'd and let paſs by turns, the red 
at r will accordingly diſappear, and return as of- 
ten, but the violet at v will not thereby ſuffer any 
Change. And fo by ſtopping and letting paſs 
alternately the blue at the Lens, the blue at v 
will accordingly diſappear and return, without 
any Change made in the red at r. The red there- 
fore depends on one ſort of Rays, and the blue 
on another ſort, which in the Focus G where 
they are commix'd, do not a& on one another. 
And there is the ſame Reaſon of the other Co- 
lours. 7 

I conſidered farther, that when the moſt re- 
frangible Rays Pp, and the leaſt refrangible 
ones T, are by converging inclined to one ano- 
ther, the Paper, if held very oblique to thoſe 
Rays in the Focus G, might reflect one ſort of 
them more copiouſly than the other ſort, and 
by that Means the reflected Light would be 
tinged in that Focus with the Colour of the pre- 
dominant Rays, provided thoſe Rays ſeverally 
retained their Colours, or colorific Qualities in 
the Compoſition of White made by them in that 
Focus. But if they did not retain them in that 
White, but became all of them ſeverally endued 
there with a Diſpoſition to ſtrike the Senſe with 
the Perception of White, then they could never 
loſe their Whiteneſs by ſuch Reflexions. I in- 
clined therefore the Paper to the Rays very oblique- 
ly, as in the ſecond Experiment of this ſecond Part 
of the firſt Book, that the moſt refrangible Rays 
might be more copiouſly reflected than the reſt, 
and the Whiteneſs at Length changed ſucceſſively 
into blue, indigo, and violet. Then I ing 
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the contrary Way, that the leaſt refrangible Rays 
might be more copious in the reflected Light than 
the reſt, and the Whiteneſs turned ſucceſſively to 
yellow, orange, and red. | 
Laſtly, I made an Inſtrument XV in faſhion 
of a Comb, whoſe Teeth being in number ſix- 


teen, were about an Inch and an half broad, and 
. the Intervals of the Teeth about two Inches 


wide. Then by interpoſing ſucceſſively the 
Teeth of this Inſtrument near the Lens, I inter- 
cepted Part of the Colours by the interpoſed 
Tooth, whilſt the reſt of them went on through 
the Interval of the Teeth to the Paper DE, and 
there painted a round Solar Image. But the Pa- 
per I had firſt placed ſo, that the Image might 
appear white as often as the Comb was taken 
away; and then the Comb being as was ſaid in- 
terpoſed, that Whiteneſs by reaſon of the inter- 
cepted Part of the Colours at the Lens did al- 
ways change into the Colour compounded of 
thoſe Colours which were not intercepted, and 
that Colour was by the Motion of the Comb 
perpetually varied ſo, that in the paſſing of every 
Tooth over the Lens all theſe Colours, red, yel- 
low, green, blue, and purple, did always ſuc- 
ceed one another, I cauſed. therefore all the 
Teeth to paſs ſucceſſively over the Lens, and 
when the Motion was flow, there appeared a 
propor Succeſſion of the Colours upon the 
aper: But if I ſo much accelerated the Mo- _ 
tion, that the Colours by reaſon of their quick 
Succeſſion could not be diſtinguiſhed from one 
another, the Appearance of the ſingle Colours 
ceaſed, There was no red, no yellow, na 
green, 
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green, no blue, nor purple to be ſeen any lon- 
ger, but from a Confuſion of them all there a- 
roſe one uniform white Colour. Of the Light 
which now by the Mixture of all the Colours ap- 
peared white, there was no Part really white. 
One Part was red, another yellow, a third green, 
a fourth blue, a fifth purple, and every Part re- 
tains its proper Colour till it ſtrike the Senſo- 
rium. If the Impreſſions follow one another 
ſlowly, ſo that they may be ſeverally perceived, 
there is made a diſtinct Senſation of all the Co- 
lours one after another in a continual Succeſ- 
ſion. But if the Impreſſions, follow one ano- 
ther ſo quickly, that they cannot be ſeverally 
perceived, there ariſeth out of them all one 
common Senſation, which is neither of this 
Colour alone nor of that alone, but hath it ſelf 
indifferently to em all, and this is a Senſation 
of Whiteneſs. By the Quickneſs of the Succeſ- 
ſions, the Impreſſions of the ſeveral Colours are 
confounded in the Senſorium, and out of that 
Confuſion ariſeth a mix'd Senſation. If a burn- 
ing Coal be nimbly moved round in a Circle 
with Gyrations continually repeated, the whole 
Circle will appear like Fire; the reaſon of which 
is, that the Senſation of the Coal in the ſeve- 
ral Places of that Circle remains impreſs'd on 
the Senſorium, until the Coal return again to 
the ſame Place. And fo in a quick Conſecu- 
tion of the Colours the Impreſſion of every Co- 
lour remains in the Senſorium, until a Revolu- 
tion of all the Colours be compleated, and that 
frſt Colour return again. The Impreſſions there- 
fore of all the ſucceſſive Colours are at once in 


the 
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the Senſorium, and jointly ſtir up a Senſation of 
them all; and ſo it is manifeſt by this Experi- 
ment, that the commix'd Impreſſions of all the 
Colours do ſtir up and beget a Senſation of white, 
that is, that Whiteneſs is compounded of all the 
Colours. 

And if the Comb be now taken away, that all 
the Colours may at once paſs from the Lens to 
the Paper, and be there intermixed, and toge- 
ther reflected thence to the Spectator's Eyes; their 
Impreſſions on the Senſorium being now more 
ſubtilly and perfectly commixed there, ought 
much more to ſtir up a Senſation of White- 
neſs. 

You may inſtead of the Lens uſe two Priſms 
HIK and LMN, which by refracting the co- 
loured Light the contrary Way to that of the 
firſt Refraction, may make the diverging Rays 
converge and meet again in G, as you ſee repre- 
ſented in the ſeventh Figure. For where they 
meet and mix, they will compoſe a white Light, 
as when a Lens is uſed, / 

Exper. 11. Let the Sun's coloured Image P T 
[in Fig. 8.] fall upon the Wall of a dark Cham- 
ber, as in the third Experiment of the firſt Book, 
and let the ſame be viewed through a Priſm 
abc, held parallel to the Priſm ABC, by whoſe 
Refraction that Image was made, and let it now 
appear lower than before, ſuppoſe in the Place 
S over-againſt the red Colour T. And if you 
go near to the Image PT, the Spectrum 8 will 
appear oblong and coloured like the Image PT; 
but if you recede from it, the Colours of the 


Spectrum 8 will be contracted more and _ 
an 
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and at length vaniſh, that Spectrum 8 becoming 
rfectly round and white ; and if you recede yet 
ber, the Colours will emerge again, but in a 
contrary Order. Now that Spectrum 8 appears 
white in that Caſe, when the Rays of ſeveral 
ſorts which converge from the ſeveral Parts of 
the Image PT, to the Priſm abe, are ſo re- 
fracted unequally by it, that in their Paſſage 
from the Priſm to the Eye they may diverge 
from one and the ſame Point of the Spectrum 
8, and ſo fall afterwards upon one and the 
ſame Point in the bottom of the Eye, and there 
be mingled. | 
And farther, if the Comb be here made uſe of, 
by whoſe Teeth the Colours at the Image PT 
may be ſucceſſively intercepted ; the Spectrum 8, 
when the Comb is moved ſlowly, will be perpe- 
tually tinged with ſucceſſive Colours: But when 
by accelerating the Motion of the Comb, the 
Succeſſion of the Colours is ſo quick that they 
cannot be ſeverally ſeen, that Spectrum 8, by a 
confuſed and mix d Senſation of them all, will 
appear white. 
Exper. 12, The Sun ſhining through a large 
Priſm ABC ſin Fig. .] upon a Comb X V, 
placed immediately behind the Priſm, his Light 
which paſſed through the Interſtices of the 
Teeth fell upon a white Paper DE. The 
. Breadths of the Teeth were equal to their In- 
terſtices, and ſeven Teeth together with their 
Interſtices took up an Inch in Breadth. Now, 
when the Paper was about two or three Inches 
diſtant from the Comb, the Light which paſ- 
ſed through its ſeveral Interſtices painted ſo 
C 7h many 


"bas OF 1 1XxAsS. 


many Ranges of Colours, &, mn, op, gr, &c. 
which were paralle] to one another, and conti- 
guous, and without any Mixture of white. And 
theſe Ranges of Colours, if the Comb was moved 
continually up and'down with a reciprocal Mo- 
tion, aſcended and deſcended in the Paper, and 
when the Motion of the Comb was ſo quick, that 
the Colours could not be diſtinguiſhed from 
one another, the whole Paper by their Con- 
fuſion and Mixture in the Senſorium appeared 
white. | 
Let the Comb now reſt, and let the Paper 
be removed farther from the Priſm, and the ſe- 
veral Ranges of Colours will be dilated and 
expanded into one another more and more, and 
by mixing their Colours will dilute one ano- 
ther, and at length, when the diſtance of the 
Paper from the Comb is about a Foot, or a 
little more (ſuppoſe in the Place 2D 2 E) they 
will ſo far dilute one another, as to become 
white. 83 
With any Obſtacle, let all che Light be now 
ſtopp'd which paſſes through any one Interval 
of the Teeth, ſo that the Range of Colours which 
comes from thence may be taken away, and 
you will ſee the Light of the reſt of the Ranges 
to be expanded into the Place of the Range taken 
away, and there to be coloured. Let the in- 
tercepted Range paſs on as before, and its Co- 
lours falling upon the Colours ' of the other 
Ranges, and mixing with them, will reſtore the 
Whiteneſs. 
Let the Paper 2 D 2 E be now very much in- 
clined to the Rays, ſo that the moſt refrangible 
| Rays 
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Rays may be more copiouſly reflected than the 
reſt, and the white Colour of the Paper through 
the Exceſs of thoſe Rays will be had into 
blue and violet. Let the Paper be as much in- 
clined the contrary way, that the leaſt refran- 
gible Rays may be now more copiouſly reflect- 
ed than the reſt, and by their Exceſs the White- 
neſs will be changed into yellow and red. The 
ſeveral Rays therefore in that white Light do 
retain their colorific Qualities, by which thoſe 
of any ſort, whenever they become more co- 
pious than the reſt, do by their Exceſs and Pre- 
dominance cauſe their proper Colour to ap- 
pear. | 
: And by the ſame way of arguing, applied to the 
third Experiment of this ſecond Part of the firſt 
Book, it may be concluded, that the white Colour 
of all refracted Light at its very firſt Emergence, 
where it appears as white as before its Incidence, 
is compounded of various Colours. | 
Exper. 13. In the foregoing Experiment the 
ſeveral Intervals of the Teeth of the Comb do 
the Office of ſo many Priſms, every Interval pro- 
ducing the Phænomenon of one Priſm. 'Whence 
inſtead of thoſe Intervals uſing ſeveral Priſms, 
1 try'd to compound Whiteneſs by mixing their 
Colours, and did it by uſing only three Priſms, 
as alſo by uſing only two as follows. Let two 
Priſms ABC and abc, I in Fig. 10.] whoſe re- 
fracting Angles B and & are equal, be ſo placed 
parallel to one another, that the refracting An- 
gle B of the one may touch the Angle c at the 
Baſe of the other, and their Planes CB and 
cb, at which the Rays emerge, may lie in Di- 
rectum, 
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rectum. Then let the Light trajected through 
them fall upon the Paper MN, diſtant about 8 
or 12 Inches from the Priſms. And the Co- 
lours generated by the interior Limits B and c 
of the two Priſms, will be mingled at PT, and 
there compound white. For it either Priſm be 
taken away, the Colours made by the other will 
appear in that Place PT, and when the Priſm 
is reſtored to its Place again, ſo that its Co- 
lours may there fall upon the Colours of the 
other, the Mixture of them both will reſtore the 
Whiteneſs. | | 
This Experiment ſucceeds alſo, as I haye tried, 
when the Angle 6b of the lower Priſm, is a lit- 
cle greater than the Angle B of the upper, and 
between the interior Angles B and c, there in- 
tercedes ſome Space Be, as is repreſented in 
the Figure, and the refracting Planes B C and 
bc, are neither in Directum, nor parallel to one 
another. For there is nothing more requiſite 
to the Succeſs of this Experiment, than that 
the Rays of all ſorts may be uniformly mixed 
upon the Paper in the Place PT. If the moſt 
refrangible Rays coming from the ſuperior 
Priſm take up all the Space from M to P, the 
Rays of the ſame ſort which come from the in- 

ferior Priſm ought to begin at P, and take u 
all the reſt of the Space from thence — 
N. If che leaſt refrangible Rays coming from 
the ſuperior Priſm take up the Space MT, the 
Rays of the ſame kind which come from the 
other Priſm ought to begin at T, and take up 
the remaining Space T N. If one ſort of the 
Rays which have intermediate Degrees of Re- 
| | frangibility, 
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frangibility, and come from the ſuperior Priſm 
be extended through the Space MQ, and ano- 
ther ſort of thoſe Rays through the Space M R, 
and a third fort of them through the Space MS, 
the ſame ſorts of Rays coming from the lower 
Priſm, ought to illuminate the remaining Spaces 
QN, RN, SN, reſpectively. And the ſame is 
to be underſtood of all the other ſorts of Rays. 
For thus the Rays of every ſort will be ſcattered 
uniformly and evenly through the whole Space 
MN, and ſo being every where mix'd in the fame 
Proportion, they muſt every where produce the 
ſame Colour. And therefore, ſince by this Mix- 
ture they produce white in the Exterior Spaces 
MP and TN, they muſt alſo produce white 
in the Interior Space PT. This is the reaſon 
of the Compoſition by which Whiteneſs was pro- 
duced in this Experiment, and by what other 
way ſoever I made the like Compoſition, the Re- 
ſult was Whiteneſs. 

Laſtly, If with the Teeth of a Comb of a due 
Size, the coloured Lights of the two Priſms 
which fall upon the Space PT be alternately in- 
tercepted, that Space P'T, when the Motion of 
the Comb is flow, will always appear coloured, 
but by accelerating the Motion of the Comb ſo 
much that the ſucceſſive Colours cannot be 
diſtinguiſhed from one another, it will appear 
white. 

Exper. 14. Hitherto I have produced White- 
neſs by mixing the Colours of Priſms. If now 
the Colours of natural Bodies are to be min- 
gled, let Water a little thicken'd with Soap be 
agitated to raiſe a Froth, and after that F _ 
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has ſtood a little, there will appear to one that 
ſhall view it intently various Colours every where 
in the Surfaces of the ſeveral Bubbles; but to 
one that ſhall go ſo far off, that he cannot diſtin- 
guiſh the Colours from one another, the whole 
Froth will grow white with a perfect White- 
neſs. | 
Exper. 15. Laſtly, In attempting to compound 
a white, by mixing the coloured Powders which 
Painters uſe, I conſider'd that all colour'd Pow- 
ders do ſuppreſs and ſtop in them a very conſi- 
derable Part of the Light by which they are illu- 
minated. For they become colour'd by reflect- 
ing the Light of their own Colours more co- 
piouſly, and that of all other Colours more ſpa- 
ringly, and yet they do not reflect the Light of 
their own Colours ſo copiouſly as white Bodies 
do. If red Lead, for inſtance, and a white Pa- 
per, be placed in the red Light of the colour'd 
Spectrum made in a dark Chamber by the Re- 
fraction of a Priſm, as is deſcribed in the third 
Experiment of the firſt Part of this Book ; the Pa- 
per will appear more lucid than the red Lead, 
and therefore reflects the red-making Rays more 
copiouſly than red Lead doth. And if they be 
held in the Light of any other Colour, the 
Light reflected by the Paper will exceed the 
Light reflected by the red Lead in a much 
greater Proportion, And the like happens in 
Powders of other Colours. And therefore by 
mixing ſuch Powders, we are not to expect a 
ſtrong and full White, ſuch as is that of Pa- 
per, but ſome dusky obſcure one, ſuch as might 
ariſe from a Mixture of Light and Darkneſs, 
> O 
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or from white and black, that is, a grey, or 
dun, or ruſſet brown, ſuch as are the Colours 
of a Man's Natl, of a Mouſe, of Aſhes, of or- 
dinary Stones, of Mortar, of Duſt and Dirt in 
High-ways, and the like. And ſuch a dark white 
J have often produced by mixing colour'd Pow- 
ders. For thus one Part of red Lead, and five 
Parts of Viride Aris, compoſed a dun Colour 
like that of a Mouſe, For theſe two Colours 
were ſeverally ſo compounded of others, that 
in both together were a Mixture of all Co- 
lours; and there was leſs red Lead uſed than 
Viride Aris, becauſe of the Fulneſs of its Co- 
lour. Again, one Part of red Lead, and four 
Parts of blue Biſe, compoſed a dun Colour 
verging a little to purple, and by adding to 
this a certain Mixture of Orpiment and Viride 
Eris in a due Proportion, the Mixture loſt its 
purple Tincture, and became perfectly dun. 


But the Experiment ſucceeded beſt without Mi- 


nium thus. To Orpiment I added by little 
and little a certain full bright purple, which 
Painters uſe, until the Orpiment ceaſed to be 
yellow, and became of a pale red. Then I di- 
luted that red by adding a little Viride Æris, 
and a little more blue Biſe than Viride Æris, un- 
til it became of ſuch a grey or pale white, as 
verged to no one of the Colours more than to 
another. For thus it became of a Colour equal 
in Whiteneſs to that of Aſhes, or of Wood newly 
cut, or of a Man's Skin. The Orpiment re- 
flected more Light than did any other of the 
Powders, and therefore conduced more to the 
Whiteneſs of the compounded Colour than they. 

K 2 To 
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To aſſign the Proportions accurately may be diffi- 
cult, by reaſon of the different Goodneſs of Pow- 
ders of the ſame kind. Accordingly, as the Co- 
lour of any Powder is more or leſs full and lumi- 
nous, it ought to be uſed in a leſs or greater Pro- 
portion. x 

Now, conſidering that theſe grey and dun Co- 
lours may be alſo produced by mixing Whites 
and Blacks, and by conſequence differ from 
perfect Whites, not in Species of Colours, but 
only in degree of Luminouſneſs, it is manifeſt that 
there is nothing more requiſite to make them 
perfectly white than to increaſe their Light ſuffici- 
ently; and, on the contrary, if by increaſing 
their Light they can be brought to perfect White- 
neſs, it will thence alſo follow, that they are of 
the ſame Species of Colour with the beſt Whites, 
and differ from them only in the Quantity of 
Light. And this I tried as follows. I took the 
third of the above-mention'd grey Mixtures, (that 
which was compounded of Orpiment, Purple, 
Biſe, and Viride Eris) and rubbed it thickly 
upon the Floor of my Chamber, where the Sun 
ſhone upon it through the opened Caſement ; 
and by it, in the ſhadow, I laid a Piece of white 
Paper of the ſame Bigneſs. Then going from 
them to the diſtance of 12 or 18 Feet, ſo that 
J could not diſcern the Unevenneſs of the Sur- 
face of the Powder, nor the little Shadows let 
fall from the gritty Particles thereof ; the Pow- 
der appeared intenſely white, ſo as to tranſcend 


even the Paper it ſelf in Whiteneſs, eſpecially 


if the Paper were a little ſhaded from the Light 


of the Clouds, and then the Paper compared 
3 with 
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with the Powder appeared of ſuch a grey Colour 
as the Powder had done before. But by laying 
the Paper where the Sun ſhines through the 
Glaſs of the Window, or by ſhutting the Win- 
dow that the Sun might ſhine through the Glaſs 
upon the Powder, and by ſuch other fit Means of 
increaſing or decreaſing the Lights where with the 
Powder and Paper were illuminated, the Light 
wherewith the Powder is illuminated may be 
made ſtronger in ſuch a due Proportion than 
the Light wherewith the Paper is illuminated, 
that they ſhall both appear exactly alike in 
Whiteneſs. For when I was trying this, a Friend 
coming to viſit me, I ſtopp'd him at the Door, 
and before told him what the Colours were, or 
what I was doing ; I asked him, Which of the 
two Whites were the beſt, and wherein they dit- 
fered? And after he had at that diſtance viewed 
them well, he anſwer'd, that they were both good 
Whites, and that he could not ſay which was 
beſt, nor wherein their Colours differed. Now, 
if you conſider, that this White of the Powder 
in the Sun-ſhine was compounded of the Co- 
lours which the component Powders ( Orpi- 
ment, Purple, Biſe, and Viridęe Aris) have in 
the ſame Sun-ſhine, you muſt acknowledge by 
this Experiment, as well as by the former, thar 
perfect Whiteneſs may be compounded of Co- 
lours. 3 8 = | 
From what has been ſaid it is alſo evident, 
that the Whiteneſs of the Sun's Light-is com- 
ounded of all the Colours wherewith the ſeve- 
ral ſorts cf Rays whereof that Light conſiſts, 
when by their ſeveral Retrangibilities they are 
K 3 ſepa- 
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ſeparated from one another, do tinge Paper or - any 


other white Body whereon they fall. For thoſe 


Colours (by Prop. II. Part 2.) are unchangeable, 
and whenever all thoſe Rays with thoſe their Co- 
lours are mix'd again, they reproduce the ſame 
white Light as before. 
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PROP. VI. PRO B. II. 


In a mixture of Primary Colours, the 


Quantity and Quality of each being 
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given, to know theColonr of the Compound. 


ITH the Center O [in Fig. 11.] and 

Radius OD deſcribe a Circle ADF, and 
diſtinguiſh its Circumference into ſeven Parts 
DE, EF, FG, GA, AB, BC, CD, propor- 
tional to the ſeven Muſical Tones or Intervals 
of the eight Sounds, Sol, Ia, fa, ſol, la, mi, fa, 
fel, contained in an eight, that 1s, proportional 
to the Number 3, %, 15, B, le, 18, Let the firſt 
Part DE repreſent a red Colour, the ſecond EF 
orange, the third FG yellow, the fourth CA 


green, the fifth AB blue, the ſixth BC indigo, 


and the ſeventh CD violet. And conceive that 
theſe are all the Colours of uncompounded Light 
gradually paſſing into one another, as they do 
when made by Priſms ; the Circumference 
DEFGABCD, repreſenting the whole Series 
of Colours from one end of the Sun's colour'd 
Image to the other, fo that from D to E be 
all degrees of red, at E the mean Colour be- 


tween red and orange, from E to F all de- 
grees 
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grees of orange, at F the mean between orange 
and yellow, from F to G all degrees of yellow, 
and ſo on. Let p be the Center of Gravity 
of the Arch DE, and g, 7, s, t, u, x, the Cen- 
ters of Gravity of the Arches EF, FG, GA, 
AB, BC, and CD reſpectively, and about 
thoſe Centers of Gravity let Circles proportio- 
nal to the Number of Rays of each Colour in 
the given Mixture be deſcrib'd; that is, the 
Circle p proportional to the Number of the 
red-making Rays in the Mixture, the Circle 9 
proportional to the Number of the orange-ma- 
king Rays in the Mixture, and ſo of the reſt. 
Find the common Center of Gravity of all thoſe 
Circles p, 9, r, s, t, u, x. Let that Center be 
Z; and from the Center of the Circle ADF, 
through Z to the Circumference, drawing the 
Right Line OY, the Place of the Point V in the 
Circumference ſhall ſhew the Colour arifing from 
the Compoſition of all the Colours in the given 
Mixture, and the Line OZ ſhall be propor- 
tional to the Fulneſs or Intenſeneſs of the 
Colour, that is, to its diſtance from Whiteneſs. 
As if Y fall in the middle between F and G, 
the compounded Colour ſhall be the beſt yel- 
low; if Y verge from the middle towards F 
or G, the compound Colour ſhall accordingly 
be a yellow, verging towards orange or green. 
If Z fall upon the Circumference, the Colour 
ſhall be intenſe and florid in the higheſt Degree; 
if it fall in the mid-way between the Circum- 
ference and Center, it ſhall be but half fo 
intenſe, that is, it ſhall be ſuch a Colour as 
would be made by diluting the intenſeſt yellow 
| K 4 with 
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with an equal quantity of whiteneſs; and if it 
fall upon the center O, the Colour ſhall have loſt 
all its intenſeneſs, and become a white. But it 
is to be noted, That if the point Z fall in or 
near the line OD, the main ingredients being 
the red and violet, the Colour compounded 
ſhall not be any of the priſmatick Colours, but 
a purple, inclining to red or violet, according- 
ly as the point Z lieth on the fide of the line 
DO towards E or towards C, and in general 
the compounded violet is more bright and more 
fiery than the uncompounded. Alſo if only two 
of the primary Colours which in the circle are 
oppoſite to one another be mixed in an equal 
proportion, the point Z ſhall fall upon the cen- 
ter O, and yet the Colour compounded of thoſe 
two ſhall not be perfectly white, but ſome 
faint anonymous Colour. For I could never 
yet by mixing only two primary Colours pro- 
duce a perfect white. Whether it may be com- 
pounded of a mixture of three taken at equal 
diſtances in the circumference I do not know, 
but of four or five I do not much queſtion but 


it may. But theſe are Curioſities of little or no 
moment to the underſtanding the Phænomena 


of Nature. For in all whites produced by Na- 
ture, there uſes to be a mixture of all ſorts of 
Rays, and by conſequence a compoſition of all 
Colours. 


To give an inſtance of this Rule; ſuppoſe a 


Colour is compounded of theſe homogeneal 
Colours, of violet one part, of indigo one part, 
of blue two parts, of green three parts, of yel- 
low five parts, of orange fix parts, and of red 

| | ten 
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ten parts. Proportional to theſe parts deſcribe 
the Circles x, v, t, s, 7, 9, p, reſpectively, that is, 
ſo that if the Circle x be one, the Circle v may 
be one, the Circle ? two, the Circle s three, and 
the Circles 7, 9 and p, five, fix and ten. Then I 


find Z the common center of gravity of theſe 


Circles, and through Z drawing the Line OY, 
the Point Y falls upon the circumference between 
E and F, ſomething nearer to E than to F, and 
thence I conclude, that the Colour compounded 
of theſe Ingredients will be an orange, verging a 
little more to red than to yellow. Alſo I find 
that O is a little leſs than one half of OY, and 
thence I conclude, that this orange hath a little 
leſs than half the fulneſs or intenſeneſs of an un- 
compounded orange; that is to ſay, that it is 
ſuch an orange as may be made by mixing an ho- 
mogeneal orange with a good white in the pro- 
portion of the Line OZ to the Line Z V, this 


Proportion being not of the quantities of mixed 


orange and white Powders, but of the quantities 
of the Lights reflected from them. | 
This Rule I conceive accurate enough for pra- 
ctice, though not mathemarically accurate; and 
the truth of it may be ſufficiently proved to Senſe, 
by ſtopping any of the Colours at the Lens in the 
tenth Experiment of this Book. For the reſt of 
the Colours which are not ſtopp'd, but paſs on to 
the Focus of the Lens, will there compound 
either accurately or very nearly ſuch a Colour, as 
by this Rule ought to reſult from their Mixture. 


PROP. 
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PROP. VII Tuzos. V. 


All the Colours in the Univerſe which are 
made by Light, and depend not on the 
Power of Imagination, are either the 
Colours of homogeneal Lights, or com- 
pounded of theſe, and that either accu- 


rately or very nearly, according to the 


Rule of the foregoing Problem. 


OR it has been proved (in Prop. 1. Part 2.) 
F that the changes of Colours made by Refra- 
ctions do not ariſe from any new Modifications of 
the Rays impreſs d by thoſe Refractions, and by 
the various Terminations of Light and Shadow, 
as has been the conſtant and general Opinion of 
Philoſophers. It has alſo been proved that the 
ſeveral Colours of the homogeneal Rays do con- 
ſtantly anſwer to their degrees of Refrangibility, 
(Prop. 1. Part 1. and Prop. 2. Part 2.) and that 
their degrees of Refrangibility cannot be changed 
by Refractions and Refiexions ( Frop. 2. Part 1.) 
and by conſequence that thoſe their Colours 
are likewiſe immutable. It has alſo been pro- 
ved directly by retracting and reflecting homo- 
geneal Lights apart, that their Colours cannot be 
changed, (Prop. 2. Part 2.) It has been proved 
alſo, that when the ſeveral forts of Rays are mix- 
ed, and in croſſing paſs through the ſame ſpace, 
they do not act on one another ſo as to change 
each others colorific qualities. ( Exper. 10. Part 2.) 
but by mixing their Actions in the Senſorium be- 


get 
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get a Senſation differing from what either would 
do apart, that is a Senſation of a mean Colour 
between their proper Colours; and particularly 
when by the concourſe and mixtures of all ſorts 
of Rays, a white Colour is produced, the white 
is a mixture of all the Colours which the Rays 
would have apart, (Prop. 5. Part 2.) The Rays 
in that mixture do not loſe or alter their ſeveral 
colorific qualities, but by all their various kinds 
of Actions mix'd in the Senſorium, beget a Sen- 


ſation of a middling Colour between all their Co- 


lours, which is whiteneſs. For whiteneſs is a 


mean between all Colours, having it ſelf indiffe- 


rently to them all, ſo as with equal facility to be 
tinged with any of them. A red Powder mixed 
with a little blue, or a blue with a little red; doth 
not preſently loſe its Colour, but a white Powder 
mix'd with any Colour is preſently tinged with 
that Colour, and is equally capable of being 
tinged with any Colour whatever, It has been 


ſhewed alſo, that as the Sun's Light is mix'd of 


all ſorts of Rays, ſo its whiteneſs is a mixture of 
the Colours * all ſorts of Rays; thoſe Rays ha- 
ving from the beginning their ſeveral colorific 
qualities as well as their ſeveral Refrangibilities, 
and retaining them perpetually unchanged not- 
withſtanding any Refractions or Reflexions they 
may at any time ſuffer, and that whenever any 
ſort of the Sun's Rays is by any means (as by 
Reflexion in Exper. 9. and 10. Part 1. or by 
Refraction as happens in all Refractions) ſepara- 
ted from the reſt, they then manifeſt their proper 
Colours. Theſe things have been prov'd, and 
the ſum of all this amounts to the Propoſition 
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here to be proved. For if the Sun's Light is 
mix'd of ſeveral forts of Rays, each of which 
have originally their ſeveral Refrangibilities and 
colorific Qualities, and notwithſtanding their Re- 
fractions and Reflexions, and their various Sepa- 
rations or Mixtures, keep thoſe their- original 
Properties perpetually the ſame without alterati- 
on; then all the Colours in the World muſt be 
ſuch as conſtantly ought to ariſe from the origi- 
nal colorific qualities of the Rays whereof , 
Lights conſiſt by which thoſe Colours are ſeen. 
And therefore if the reaſon of any Colour what- 
ever be required, we have nothing elſe to do than 
to conſider how the Rays in the Sun's Light have 
by Reflexions or Refractions, or other cauſes, been 
darted from one another, or mixed together; or 
otherwſe to find out what ſorts of Rays are in the 
Light by which that Colour is made, and in what 
Proportion; and then by the laſt Problem to 
learn the Colour which ought to ariſe by mixing 
thoſe Rays (or their Colours) in that proportion. 
T ſpeak here of Colours ſo far as they ariſe from 
Light. For they appear ſometimes by other Cau- 
ſes, as when by the power of Phantaſy we ſee Co- 
lours in a Dream, or a Mad-man ſees things be- 
fore him which are not there; or when we ſee 
Fire by ſtriking the Eye, or ſee Colours like the 
Eye of a Peacock's Feather, by preſſing our Eyes 
in either corner whilſt we look the other way. 
Where theſe and ſuch like Cauſes interpoſe not, 
the Colour always anſwers to the ſort or ſorts 
of the Rays whereof the Light conſiſts, as I 
| have conſtantly found in whatever Phænomena of 
Colours I have hitherto been able to examine. 


I ſhall 
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I ſhall in the following Propoſitions give inſtan- 
ces of this in the Phænomena of chiefeſt note. 


P R OP. VIII. Pros, III. 
By the diſcovered Properties of Light to 
explain the Colours made by Priſms. 


2 ABC [in Fig. 12.] repreſent a Priſm 
refracting the Light of the Sun, which 
comes into a dark Chamber through a hole F þ 
almoſt as broad as the Priſm, and let MN re- 
preſent a white * 5 on which the refracted 
Light is caſt, and ſuppoſe the moſt refrangible 
or deepeſt violet- making Rays fall upon the 
Space PT, the leaſt refrangible or deepeſt red- 
making Rays upon the Space T1, the middle 
ſort between the indigo-making and blue-ma- 
king Rays upon the Space Q, the middle ſort 


of the green-making Rays upon the Space Rp, 


the middle ſort between the yellow-making and 
orange-making Rays upon the Space 8, and o- 
ther intermediate forts upon intermediate Spa- 
ces. For fo the Spaces upon which the ſeveral 
ſorts adequately fall will by reaſon of the diffe- 
rent Refrangibility of thoſe forts be one lower 
than another. Now if the Paper MN be fo 
near the Priſm that the Spaces PT and = do 
not interfere with one another, the diſtance be- 
tween them T will be illuminated by all the 
ſorts of Rays in that proportion to one another 


which they have at their very firſt coming * 
| of 
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of the Priſm, and conſequently be white. But 
the Spaces PT and 77] on either hand, will not 
be illuminated by them all, and therefore will 
appear coloured. And particularly at P, where 

e outmoſt violet-making Rays fall alone, the 
Colour muſt be the deepeſt violet. Art Q where 
the violet-making and indigo-making Rays are 
mixed, it muſt be a violet inclining much to 
indigo. AtR where the violet-making, indigo- 
making , blue-making, and one half of the 
green- making Rays are mixed, their Colours 
muſt (by the conſtruction of the ſecond Pro- 
blem) compound a middle Colour between in- 
digo and blue. At S where all the Rays are 
mixed, except the red-making and orange-ma- 
king, their Colours ought by the ſame Rule to 
compound a faint blue, verging more to green 
than indigo. And in the progreſs from S to T, 
this blue will grow more and more faint and 
dilute, till at T, where all the Colours begin to 
be mixed, it ends in whiteneſs. 

So again, on the other fide of the white at 7, 
where the leaſt refrangible or utmoſt red-ma- 
king Rays are alone, the Colour muſt be the 
deepeſt red. At o the mixture of red and o- 
range will compound a red inclining to orange. 
At ę the mixture of red, orange, yellow, and 
one half of the green muſt compound a middle 
Colour between orange and yellow. At x the 
mixture of all Colours but violet and indigo will 
compound a faint yellow, verging more to green 
than to orange. And this yellow will grow 
more faint and dilute continually in its progreſs 
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from x to v, where by a mixture of all ſorts of 
Rays it will become white. 

Theſe Colours ought to appear were the Sun's 
Light perfectly white: But becauſe it inclines to 
yellow, the Exceſs of the yellow-making Rays 
whereby tis tinged with that Colour, bein 
mixed with the faint blue between S and T, will 
draw it to a faint green. And ſo the Colours in 
order from P to T ought to be violet, indigo, 
blue, very faint green, white, faint yellow, o- 
range, red. Thus it is by the computation : And 
they that pleaſe to view the Colours made by a 
Priſm will find it ſo in Nature. 

Theſe are the Colours on both ſides the white 
when the Paper is held between the Priſm and 
the Point X where the Colours meet, and the 
interjacent white vaniſhes. For if the Paper be 
held ſtill farther off from the Priſm, the moſt 
refrangible and leaſt refrangible Rays will be 
wanting in the middle of the Light, and the reft 
of the Rays which are found there, will by mix- 
ture produce a fuller green than before. Alſo 
the yellow and blue will now become leſs com- 
pounded, and by conſequence more intenſe than 
before. And this alſo agrees with experience. 

And if one look through a Priſm upon a 
white Object encompaſſed with blackneſs or 
darkneſs, the reaſon of the Colours ariſing on 
the edges is much the ſame, as will appear to 
one that ſhall a little conſider it. If a black Ob- 
ject be encompaſſed with a white one, the Co- 
lours which appear through the Priſm are to be 
derived from the Light of the white one, ſpread- 
ing into the Regions of the black, and ys” 

they 
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they appear in a contrary order to that, when a 
white Object is ſurrounded with black. And the 
ſame is to be underſtood, when an Object is view- 
ed, whoſe parts are ſome of them leſs luminous 
than others. For in the borders of the more and leſs 
luminousParts, Colours ought always by the ſame 
Principles to ariſe from the Exceſs of the Light 
of the more luminous, and to be of the ſame 
kind as if the darker parts were black, but yet to 
be more faint and dilute. 

| What is ſaid of Colours made by Priſms may 


be eaſily applied to Colours made by the Glaſſes 


of Teleſcopes or Microſcopes, or by the Hu- 
mours of the Eye. For if the Object-glaſs of 
a Teleſcope be thicker on one fide than on the 
other, or if one half of the Glaſs, or one half 
of the Pupil of the Eye be cover'd with any 
opake ſubſtance ; the Object-glaſs, or that part of 
it or of the Eye which is not cover'd, may be 
conſider'd as a Wedge with crooked Sides, and 
every Wedge of Glaſs or other pellucid Subſtance 
has the effect of a Priſm in retracting the Light 
which paſles through it *. 

How the Colours in the ninth and tenth Ex- 
periments of the firſt Part ariſe from the diffe- 
rent Reflexibility of Light, is evident by what 
was there ſaid. But it is obſervable in the ninth 
Experiment, that whilſt the Sun's dire& Light 
is yellow, the Exceſs of the blue-making Rays 
in the reflected beam of Light MN, ſuffices 
only to bring that yellow to a pale white incli- 
ning to blue, and not to tinge it with a mani- 


Ses our Author's Lect. Optic. Part II. Seck. II. pag. 269, c. 
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feſtly blue Colour. To obtain therefore a better 
blue, I uſed inſtead of the yellow Light of the 
Sun the white Light of the Clouds, by varying a 
little the Experiment, as follows. 

Exper. 16. Let HFG [in Fg. 13. ] repre- 
ſent a Priſm in the open Air, and S the Eye of 


the Spectator, viewing the Clouds by their 
Light coming into the Priſm at the Plane Side 
FIG K, and reflected in it by its Baſe HEIG, 


and thence going out through its Plane Side 
HEF K to the Eye. And when the Priſm and 
Eye are conveniently placed, ſo that the Angles 
of Incidence and Reflexion at the Baſe may be 
about 40 Degrees, the Spectator will ſee a Bow 


MN of a blue Colour, running from one End 
of the Baſe to the other, with the Concave Side 


towards him, and the Part of the Baſe IMNG 


beyond this Bow will be brighter than the other 


Part EMNH on the other Side of it. This blue 
Colour MN being made by nothing elſe than by 
Reflexion of a ſpecular Superficies, ſeems ſo odd 
a Phænomenon, and ſo difficult to be explain- 
ed by the vulgar Hypotheſis of Philoſophers, 
that I could not but think it deſerved to be taken 
Notice of. Now for underſtanding the Rea- 
ſon of it, ſuppoſe the Plane ABC to cut the 
Plane Sides and Baſe of the Priſm perpendicu- 
larly. From the Eye to the Line BC, wherein 
that Plane cuts the Baſe, draw the Lines 8 5 
and SY, in the Angles Spc 50 degr. 3, and Ste 
49 degr. r, and the Point p will be the Limit 
heya which none of the moſt refrangible 
Rays can paſs through the Baſe of the Priſm, 
and be — whoſe Incidence is ſuch that 
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they may be reflected to the Eye; and the Point 
t will be the like Limit for the leaſt refrangi- 
ble Rays, that is, beyond which none of them 
can paſs through the Baſe, whoſe Incidence is 
ſuch that by Reflexion they may come to the 
Eye. And the Point r taken in the middle 
Way between p and t, will be the like Limit 


for the meanly refrangible Rays. And there- 


fore all the leaſt refrangible Rays which fall 
upon the Baſe beyond 7, that is, between ? and B, 
and can come from thence to the Eye, will be 
reflected thither: But on this fide f, that is, 
between f and c, many of theſe Rays will be 
tranſmitted through the Baſe. And all the moſt 
refrangible Rays which fall upon the Baſe be- 
yond p, that is, between p and B, and can by 
Reflexion come from thence to the Eye, will be 
reflected thither, but every where between þ 
and c, many of theſe Rays will get through the 
Baſe, and be refracted; and the ſame is to be 
underſtood of the meanly refrangible Rays on 
either fide of the Point T. Whence it follows, 
that the Baſe of the Priſm muſt every where 
between F and B, by a total Reflexion of all ſorts 
of Rays to the Eye, look white and bright. 
And every where between p and C, by reaſon of 
the Tranſmiſſion of many Rays of every ſort, 
look more pale, obſcure, and dark. Bur at 7, 
and in other Places between p and t, where all 
the more refrangible Rays are reflected to the 
Eye, and many of the leſs refrangible are tranſ- 
mitted, the Exceſs of the moſt refrangible in 
the reflected Light will tinge that Light with 
their Colour, which is violet and blue, mn 

this 
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this happens by taking the Line Cyrt B any : 


where between the Ends of the Priſm H G 
and E1. 


PROP. IX, Pros. IV. 


By the diſcovered Properties of Light to 
2 the Colours of the Rain-bow. 


HIS Bow never appears, but where it 

rains in the Sun-ſhine, and may be made 
aruncially by ſpouting up Water which may 
break aloft, and ſcatter into Drops, and fall down 
like Rain. For the Sun ſhining upon theſe 
Drops certainly cauſes the Bow to appear to a 
Spectator ſtanding in a due Poſition to the Rain 
and Sun. And hence it is now agreed upon, 
that this Bow is made by Refraction of the Sun's 
Light in Drops of falling Rain. This was un- 
derſtood by ſome of the Antients, and of late 
more fully diſcover'd and explain'd by the fa- 
mous Antonius de Dominis Archbiſhop of Spa- 
lato, in his Book De Radiis Viss & Lucis, pub- 
liſhed by his Friend Bartolus at Venice, in the 

| Year 1611, and written above 20 Years before. 
For he teaches there how the interior Bow is 
made in round Drops of Rain by two Refracti- 
ons of the Sun's Light, and one Reflexion be- 
tween them, and the exterior by two Refracti- 
ons, and two ſorts of Reflexions between them 
in each Drop of Water, and proves his Expli- 
cations by Experiments made with a Phial full 
of Water, and with Globes of Glaſs filled 
L 2 with 
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with Water, and placed in the Sun to make the 
Colours of the two Bows appear in them. The 
ſame Explication Des-Cartes hath purſued in his 
Meteors, and mended that of the exterior Bow. 
But whilſt they underſtood not the true Ori- 
gin of Colours, it's neceſſary to purſue it here 
a little farther. For underſtanding therefore how 
the Bow is made, let a Drop of Rain, or any 
other ſpherical tranſparent Body be repreſented 
by the Sphere BNFG, [in Fig. 14. ] deſcribed 
with the Center C, and Semi-diameter CN. 
And let AN be one of the Sun's Rays inci- 
dent upon it at N, and thence refracted to F, 
where let it either go out of the Sphere by Re- 
fraction towards V, or be reflected to G; and 
at G let it either go out by Refraction to R, or 
be reflected to H; and at H let it go out by 
Refraction towards 8, cutting the incident Ray 
in Y. Produce AN and RG, till they meet in 
X, and upon AX and NF, let fall the Per- 
pendiculars CD and CE, and produce CD till 
it fall upon the Circumference at L. Parallel to 
the incident Ray AN draw the Diameter BQ. 
and let the Sine of Incidence out of Air into 
Water be to the Sine of Refraction as I to R. 
Now, if you ſuppoſe the Point of Incidence N 
to move from the Point B, continually till it 
come to L, the Arch QF will firſt increaſe and 
then decreaſe, and ſo will the Angle AX R 
which the Rays AN and G R contain; and the 
Arch QF and Angle AX R will be biggeſt 
when ND is to CN as „INR to y 3 RR, in 
which caſe NE will be to ND as 2 R to I. Alſo 
the Angle AYS, which the Rays AN and HS 
| | contain 
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contain will firſt decreaſe, and then increaſe and 


grow leaſt when ND is to CN as Vl N to 
78 RR, in which caſe NE will be to ND, as 
3 Rto I. And fo the Angle which the next emer- 


gent Ray (that is, the emergent Ray after three 
Reflexions) contains with the incident Ray AN 
will come to its Limit when ND is to CN 
as ll. to / 15 RR, in which caſe NE will 


be to ND as 4R:toI. And the Angle which the 


Ray next after that Emergent, that is, the Ray 
emergent after four Reflexions, contains with the 
Incident, will come to its Limit, when ND is to 
CN as l. N to / 24 RR, in which caſe NE 
will be to ND as 5R tol; and ſo on infinitely, 
the Numbers 3, 8, 15, 24, &c. being gather'd by 
continual Addition of the Terms of the arithme- 
tical Progreſſion 3, 5, 7, 9, &c. The Truth of all 
this Mathematicians will eaſily examine. * 

Nov it is to be obſerved, that as when the Sun 
comes to his Tropicks, Days increaſe and decreaſe 
but a very little for a greatwhile together; ſo when 
by increaſing the diſtance CD, theſe Angles come 
to their Limits, they vary their quantity but very 
little for ſome time together, and therefore a far 
greater Number of the Rays which fall upon all 
the Points N in the Quadrant BL, ſhall emerge in 
the Limits of theſe Angles, than in any other Incli- 
nations. And farther it is to be obſerved, that the 
Rays which differ in Refrangibility will have dif- 
ferent Limits of their Angles of Emergence, and 
by conſequence according to their different De- 
grees of Refrangibility emerge moſt copiouſly 


* This is demonſtrated in our Author's Lect. Optic. Part I. Sec. IV. 
Prop. 35 and 36. 
| | L 3 an 
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in different Angles, and being ſeparated from one 
another appear each in their proper Colours, 
And what thoſe Angles are may be eaſily ga- 
ther'd from the foregoing Theorem by Com- 
putation. 
For in the leaſt refrangible Rays the Sines I 
and R (as was found above) are 108 and 81, 
and thence by Computation the greateſt Angle 
AXR will be found 42 Degrees and 2 Minutes, 
and the leaſt Angle AYS, 50 Degrees and 57 
Minutes. And in the moſt refrangible Rays the 
Sines I and R are 109 and 81, and thence by 
Computation the greateſt Angle AXR will be 
found 40 Degrees and 17 Minutes, and the leaſt 
Angle AYS 54 Degrees and 7 Minutes. 
Suppoſe now that O [| in Fig. t5.] is the Spe- 
ctator's Eye, and OP a Line drawn parallel to 
the Sun's Rays, and let POE, POF, POG, 
POH, be Angles of 40 Degr. 17 Min. 42 Degr. 
2 Min. 50 Degr. 57 Min. and 54 Degr. 7 Min. 
reſpectively, and theſe Angles turned about 
their common Side OP, ſhall with their other 
Sides QE, OF; OG, OH, deſcribe the Verges 
of two Rain-bows AF BE and CHDG. For 
if E, F, G, H, be drops placed any where in 
the conical Superficies deſcribed by QE, OF, 
OG, OH, and be illuminated by the Sun's Rays 
SE, SF, SG, SH; the Angle SEO being e- 
qua] to the Angle POE, or 40 Degr. 17 Min. 
{hall be the greateſt Angle in which the moſt 
refrangible Rays can after one Reflexion be re- 
fracted to the Eye, and therefore all the Drops 
in the Line OE ſhall ſend the moſt refrangible 
Rays moſt copiouſly to the Eye, and 3 
ä © ſtrike 
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ſtrike the Senſes with the deepeſt violet Colour in 
that Region. And in like manner the Angle SFO 
being equal to the Angle POF, or 42 Degr. 
2 Min. ſhall be the greateſt in which the leaſt re- 
frangible Rays after one Reflexion can emerge 
out of the Drops, and therefore thoſe Rays. 
ſhall come moſt copiouſly to the Eye from the 
Drops in the Line OF, and ſtrike the Senſes with 
the deepeſt red Colour in that Region. And by 
the ſame Argument, the Rays which have inter- 
mediate Degrees of Refrangibility ſhall come moſt 
copiouſly from Drops between E and F, and ſtrike 
the Senſes with the intermediate Colours, in the 
Order which their Degrees of Refrangibility re- 
_ that is in the Progreſs from E to F, or 
rom the inſide of the Bow to the outſide in this 
order, violet, indigo, blue, green, yellow, orange, 
red. But the violet, by the mixture of the white 
Light of the Clouds, will appear faint and in- 

eline to purple. 
Again, the Angle SGO being equal to the 
Angle POG, or 50 Gr. 51 Min. ſhall be the leaſt 
Angle in which the leaſt refrangible Rays can 
after two Reflexions emerge out of the Drops, 
and therefore the leaſt refrangible Rays ſhall 
come moſt copiouſly to the Eye from the Drops 
in the Line OG, and ſtrike the Senſe with the 
deepeſt red in that Region. And the Angle 
SHO being equal to the Angle POH, or 54 Gr, 
7 Min. ſhall be the leaſt Angle, in which the moſt 
refrangible Rays after two Reflexions can emerge 
out of the Drops; and therefore thoſe Rays 
ſhall come moſt copiouſly to the Eye from 
the Drops in the Line OH, and ſtrike the Senſes. 
| 1 | with 


152 OPTIC K 8. f 


with the deepeſt violet in that Region. And by the 
ſame Argument, the Drops in the Regions be- 
tween G and H ſhall ſtrike the Senſe with the in- 
termediate Colours in the Order which their 
Degrees of Refrangibility require, that is, in the 
Progreſs from G to H, or from the inſide of the 
Bow to the outſide in this order, red, orange, yel- 
low, green, blue, indigo, violet. And ſince 
theſe four Lines OE, OF, OG, OH, may be 
ſituated any where in the above-mention'd co- 
nical Superficies; what is ſaid of the Drops 
and Colours in theſe Lines is to be underſtood 
of the Drops and Colours every where in thoſe 
Superficies. 

Thus ſhall there be made two Bows of Co- 
lours, an interior and ſtronger, by one Reflexion 
in the Drops, and an exterior and fainter by 
two; for the Light becoines fainter by every 
Reflexion. And their Colours ſhall lie in a con- 
trary Order to one another, the red of both Bows 
bordering upon the Space GF, which is be- 
tween the Bows. The Breadth of the inte- 
rior Bow EOF meaſured croſs the Colours ſhall 
be 1 Degr. 45 Min. and the Breadth of the ex- 
terior GOH ſhall be 3 Degr. 10 Min. and the 
diſtance between them GOF ſhall be 8 Gr. 15 
Min. the greateſt Semi-diameter of the inner- 
moſt, that is, the Angle POF being 42 Gr. 2 
Min. and the leaſt Semi-diameter of the outer- 
moſt POG, being 50 Gr. 57 Min. Theſe are 
the Meaſures of the Bows, as they would be 
were the Sun but a Point; for by the Breadth 
of his Body, the Breadth of the Bows will be in- 
creaſed, and their Diſtance decreaſed by half. a 
3 | Degree, 
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Degree, and ſo the breadth of the interior Iris 
will be 2 Degr. 15 Min. that of the exterior 3 


Degr. 40 Min. their diſtance 8 Degr. 25 Min. 


the greateſt Semi- diameter of the interior Bow 
42 Degr. 17 Min. and the leaſt of the exterior 
5o Degr. 42 Min. And ſuch are the Dimenſions 
of the Bows in the Heavens found to be very 
nearly, when their Colours appear ſtrong and 


perfect. For once, by ſuch means as I then had, 


I meaſured the greateſt Semi- diameter of the 
interior Iris about 42 Degrees, and the breadth 
of the red, yellow and green in that Iris 63 or 


64 Minutes, beſides the outmoſt faint red ob- 


ſcured by the brightneſs of the Clouds, for 
which we may allow 3 or 4 Minutes more. The 
breadth of the blue was about 40 Minutes more 
beſides the violet, which was ſo much obſcu- 
red by the brightneſs of the Clouds, that I could 
not meaſure its breadth. But ſuppoſing the 
breadth of the blue and violet together to equal 
that of the red, yellow and green together, the 
whole breadth of this Iris will be about 27 De- 
grees, as above. The leaſt diſtance between this 


Iris and the exterior Iris was about 8 Degrees and 


30 Minutes. The exterior Iris was broader than 


the interior, but ſo faint, eſpecially on the blue 


ſide, that I could not meaſure its breadth di- 
ſtinctly. At another time when both Bows ap- 
peared more diſtinct, I meaſured the breadth of 
the interior Iris 2 Gr. 10', and the breadth of the 
red, yellow and green in the exterior Iris, was to 
the breadth of the ſame Colours in the interior 
as 3 tO 2, | 
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This Explication of the Rain-bow is yet far- 
ther confirmed by the known Experiment (made 
by Antonius de Dominis and Des-Cartes) of 
hanging up any where in the Sun-ſhine a Glaſs 
Globe filled with Water, and viewing, it in ſuch 
a poſture, that the Rays which come from the 

Globe to the Eye may contain with the*Sun's 

Rays an Angle of either 42 or 5o Degrees. For 
if the Angle be about 42 or 43 Degrees, the 
Spectator ( ſuppoſe at O) ſhall ſee a full red 
Colour in that ſide of the Globe oppoſed to 
the Sun as 'tis repreſented at F, and 1 that An- 
gle become leſs (ſuppoſe by depreſſing the Globe 
to E) there will appear other Colours, yellow, 
green and blue ſucceſſive in the ſame ſide of 
the Globe. But if the Angle be made abour 
5o Degrees (ſuppoſe by lifting up the Globe to 
G) there will appear a red Colour in that fide 
of the Globe towards the Sun, and if the An- 
gle be made greater (ſuppoſe by lifting up the 
Globe to H) the red will turn ſucceſſively to 
the other Colours, yellow, green and blue. The 
ſame thing I have tried, by letting a Globe reſt, 
and raiſing or depreſſing the Eye, or other- 
wiſe moving it to make the Angle of a juſt mag- 
nitude. 

I have heard it repreſented, that if the Light 
of a Candle be refracted by a Priſm to the Eye; 
when the blue Colour falls upon the Eye, the 
Spectator ſhall ſee red in the Priſm, and when 
the red falls upon the Eye he ſhall ſee blue; 
and if this were certain, the Colours of the 
Globe and Rain-bow ought to appear in a con- 


trary order to what we find. But the Colours 
3 of 
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of the Candle being very faint, the miſtake ſeems 
to ariſe from the difficulty of diſeerning what 
Colours fall on the Eye. For, on the contrary, 
I have ſometimes had occaſion to obſerve in the 
Sun's Light refracted by a Priſm, that the Spe- 
ator always ſees that Colour in the Priſm which 
falls upon his Eye. And the ſame I have found 
true alſo in Candle-light. For when the Priſm 
is moved ſlowly from the Line which is drawn 
directly from the Candle to the Eye, the red ap- 
pears firſt in the Priſm and then the blue, and 
therefore each of them is ſeen when it falls upon 


the Eye. For the red paſſes over the Eye eſt, 


and then the blue. 


The Light which comes through drops of 


Rain by two Refractions without any Reflexion, 
ought to appear ſtrongeſt at the diſtance of a- 
bout 26 Degrees from the Sun, and to decay 
gradually both ways as the diſtance from him in- 
creaſes and decreaſes. And the ſame is to be un- 
derſtood of Light tranſmitted through ſphe- 
rical Hail-ſtones. And if the Hail be a little 
flatted, as it often is, the Light tranſmitted 
may grow ſo ſtrong at a little leſs diſtance than 
that of 26 Degrees, as to form a Halo about 
the Sun or Moon; which Halo, as often as the 
Hail-ſtones are duly figured may be colour'd, 
and then it muſt be red within by the leaſt re- 
frangible Rays, and blue without by the moſt 
refrangible ones, eſpecially if the Hail-ſtones 
have opake Globules of Snow in their center 
to intercept the Light within the Halo (as Hu- 
genius has obſerv'd) and make the inſide there- 
of more diſtinctly defined than it would — 
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wiſe be. For ſuch Hail- ſtones, though ſpheri- 
cal, by terminating the Light by the Snow, 
may make a Halo red within 'and colourleſs 
without, and darker in the red than without, 
as Halos uſed to be. For of thoſe Rays which 
paſs cloſe by the Snow the Rubriform will be 


Jeaſt refracted, and ſo come to the Eye in the di- 


reteſt Lines. | 

The Light which paſſes through a drop of 
Rain after two Refractions, and three or more 
Reflexions, 1s ſcarce ſtrong enough to cauſe a 
ſenſible Bow; but in thoſe Cylinders of Ice by 
open Hugenius explains the Parhelia, it may 
per 


aps be ſenſible. 


— _—_— __ 
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NO P. X. Pros. V. 
B 3y the diſcovered Properties of Light to 
explain the permanent Colours of Natu- 
ral Bodies. 


HESE Colours ariſe from hence, that 

ſome natural Bodies refle& ſome ſorts of 
Rays, others other ſorts more copiouſly than the 
reſt. Minium reflects the leaſt. refrangible or 
red-making Rays moſt copiouſly, and thence ap- 
pears red. Violets reflect the moſt refrangible 
moſt copiouſly, and thence have their Colour, 
and ſo of other Bodies. Every Body reflects the 
Rays of its own Colour more copiouſly than the 
reſt, and from their exceſs and predominance in 


dhe reflected Light has its Colour. 


Exper. 


BOOK: I. 157 


Exper. 17. For if in the homogeneal Lights 
obtained by the ſolution of the Problem pro- 
poſed in the fourth Propoſition of the firſt Part 
of this Book, you place Bodies of ſeveral Co- 
lours, you will find, as I have done, that every 
Body looks moſt ſplendid and luminous in the 
Light of its own Colour. Cinnaber in the ho- 


mogeneal red Light is moſt reſplendent, in the 


green Light it is manifeſtly leſs reſplendent, and 
in the blue Light ſtill leſs. Indigo in the vi- 
olet blue Light is moſt reſplendent, and its ſplen- 
dor is gradually diminiſh'd, as it is removed 
thence by degrees through the green and yellow 
Light to the red. By a Leek the green Light, 
and next that «the blue and yellow which com- 
pound green, are more ſtrongly reflected than the 
other Colours red and violet, and ſo of the reſt. 
But to make theſe Experiments the more mani- 
feſt, ſuch Bodies ought to be choſen as have the 
fulleſt and moſt vivid Colours, and two of thoſe 
Bodies are to be compared together. Thus, for 
inſtance, if Cinnaber and tra- marine blue, or 
ſome other full blue be held together in the red 
homogeneal Light, they will both appear red, 
but the Cinnaber will appear of a ſtrongly lumi- 
nous and reſplendent red, and the ultra-ma- 
rine blue of a faint obſcure and dark red; and 
if they be held together in the blue homogeneal 
Light, — will both appear blue, but the 2tLra- 
marine will appear of a ſtrongly luminous and 
reſplendent blue, and the Cinnaber of a faint 
and dark blue. Which puts it out of diſpute, 
that the Cinnaber reflects the red Light much 
more copiouſly than the tra- marine. doth, = 

2 | E 


| 
| 
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the ultra- marine reflects che blue Light much 
more copiouſly than the Cinnaber doth. The ſame 
Experiment may be tried ſucceſsfully with red 
Lead and Indigo, or with any other two colour'd 
Bodies, if due allowance be made for the diffe- 
rent ſtrength or weakneſs of their Colour and 
Light. 
And as the reaſon of the Colours of natural 
Bodies is evident by theſe Experiments, ſo it is 
farther confirmed and put paſt diſpute by the 
two firſt Experiments of the firſt Part, where- 
by twas proved in ſuch Bodies that the reflected 
Lights which differ in Colours do differ alſo in 
degrees of Refrangibility. For thence it's cer- 
tain, that ſome Bodies reflect the, more refran- 
gible, others the leſs refrangible Rays more co- 
piouſly. 8 
And that this is not only a true reaſon of theſe 
Colours, but even the only reaſon, may appear 
farther from this Conſideration, that the Colour 
of homogeneal Light cannot be changed by the 
Reflexion of natural Bodies. | 
For if Bodies by Reflexion cannot in the leaſt 
change the Colour of any one ſort of Rays, they 
cannot appear colour'd by any other means than 
by reflecting thoſe which either are of their 
own Colour, or which by mixture muſt pro- 
duce it. i 
| Bur in trying Experiments of this kind care 
muſt be had that the Light be ſufficiently ho- 
mogeneal, For if Bodies be illuminated by the 
ordinary priſmatick Colours, they will appear 
neither of their own Day-light Colours, nor of 


the Colour of the Light caſt on them, but of 
; 1 ſome 
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ſome middle Colour between both, as I have 
found by Experience. Thus red Lead (for in- 
ſtance) illuminated with the ordinary priſma- 
tick green will not appear either red or green, 
but orange or. yellow, ,or between yellow and 
green, accordingly as the green Light by which . 
'tis illuminated is more or leſs compounded. 
For becauſe red Lead appears red when illumi- 
nated with white Light, wherein all forts of 
Rays are equally mix'd, and in the green Light 
all ſorts of Rays are not equally mix'd, the Ex- 
ceſs of the yellow-making , green-making and 
blue-making Rays in the incident green Light, 
will cauſe thoſe Rays to abound ſo much in the 
reflected Light, as to draw the Colour from red 
towards their Colour. And becauſe the red Lead 
reflects the red- making Rays moſt copiouſly in 
proportion to their number, and next after them 
the orange-making and yellow-making Rays; 
theſe Rays in the reflected Light will be more in 
proportion to the Light than they were in the in- 
cident green Light, and thereby will draw the 
reflected Light from green towards their Co- 
lour. And thęrefore the red Lead will appear 
neither red no green, but of a Colour between 

both. | 
In tranſparently colour'd Liquors tis obſer- 
vable, that their Colour uſes to vary with their 
thickneſs, Thus, for inſtance, a red Liquor in 
a conical Glaſs held between the Light and the 
Eye, looks of a pale and dilute yellow at the 
bottom where 'tis*thin, and a little higher where 
tis thicker grows orange, and where tis ſtill 
thicker becomes red, and where tis __— 
the 
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the red is deepeſt and darkeſt. For it is to be 
conceiv'd that ſuch a Liquor ſtops the indigo- 
making and violet-making Rays moſt eaſily, the 
blue-making Rays more difficultly, the green- 
making Rays ſtill more difficultly, and the red- 
making moſt difficultly: And that if the thick- 
neſs of the Liquor be only ſo much as ſuffices 
to ſtop a competent number of the violet-ma- 
king and indigo-making Rays, without dimi- 
niſhing much the number of the reſt, the reſt 
muſt (by Prop. 6. Part 2.) compound a pale 
yellow. Bur if the Liquor be ſo much thicker 
as to ſtop alſo a great number of the blue-ma- 
king Rays, and ſome of the green-making, the 
reſt muſt compound an orange; and where it is 
ſo thick as to ſtop alſo a great number of the 
green-making and a conſiderable number of the 
yellow-making, the reſt muſt begin to compound 
a red, and this red muſt grow deeper and darker 
as the yellow-making and orange-making Rays 
are more and more ſtopp'd by increaſing the 
thickneſs of the Liquor, ſo that fe Rays beſides 
the red-making can get through. | 
Of this kind is an Experiment lately relate 
to me by Mr. Halley, who, in diving deep into 
the Sea in a diving Veſſel, found in a clear Sun- 
ſhine Day, that when he was ſunk many Fa- 
thoms deep into the Water, the upper part of 
his Hand on which the Sun ſhone directly 
through the Water and through a ſmall Glaſs 
Window in the Veflel appeared of a red Co- 
lour, like that of a Damask Roſe, and the Wa- 
ter below and the under 'part of his Hand 


illuminated by Light reflected from the Water 
| below 
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below look d green. For thence it may be ga- 
ther' d, that the Sea- Water reflects back the violet 


and blue- making Rays moſt eafily, and lets the 
red- making Rays paſs moſt freely and copiouſly to 
great Depths. For thereby the Sun's direct Light 
at all great Depths, by reaſon of the predomi- 
nating red- making Rays, muſt appear red; and 
the greater the Depth is, the fuller and in- 
tenſer muſt that red be. And at ſuch Depths 
as the violet- making Rays ſcarce penetrate unto, 
the blue-making, green- making, and yellow- 
making Rays being reflected from below more 
copiouſly than the red- making ones, muſt com- 


pound a green. 


-- Now, if there be two Liquors of full Colours, 
ſuppoſe a red and a blue, and both of them fo _ 


thick as ſuffices to make their Colours ſufficiently 


full; though either Liquor be ſufficiently tranſpa- 
rent apart, yet will you not be able to ſee through 
both together. For, if only the red- making Rays 
paſs through one Liquor, and only the blue- 
making through the other, no Rays can paſs 
through both. This Mr. Hook tried caſually 
with Glaſs Wedges filled with red and blue Li- 


quors, and was ſurprized at the unexpected. Event, 


the reaſon of it being then unknown ; which 
makes me truſt the more to his Experiment, 
though I have nor tried ir my felf. But he 
that would repeat it, muſt take care the Li- 
quors be of very good and full Colours. 
Now, whilſt Bodies become coloured by reflect- 
ing or tranſmitting this or that ſort of Rays more 
copiouſly than the reſt, it is to be conceived that 
they ſtop and ſtifle in themſelves the Rays 
, © val which 
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which they do not reflect or tranſmit. For, if 
. Gold be foliated and held between your Eye and 
the Light, the Light looks of a greeniſh blue, 
and therefore maſly Gold lets into its Body the 
blue-making Rays to be reflected to and fro 
within it till they be ſtopp'd and ſtifled, whilſt 
it reflects the yellow-making outwards, and 
thereby looks yellow. And much after the ſame 
manner that Leaf Gold is yellow by reflected, 
and blue by tranſmitted Light, and maſſy Gold 
is yellow in all Poſitions of the Eye; there are 
ſome Liquors, as the Tincture of Lignum 
-Nephriticum, and ſome ſorts of Glaſs which 
tranſmit one ſort of Light moſt copiouſly, and 
reflect another ſort, and thereby look of ſeve- 
ral Colours, according to the Poſition of the 
Eye to the Light. But, if theſe Liquors or 
Glaſſes were ſo thick and maſſy that no Light 
could get through them, I queſtion not but they 
would like all other opake Bodies appear of 
one and the ſame Colour in all Poſitions of the 
Eye, though this I cannot yet affirm by Expe- 
rience. For all colour'd Bodies, ſo far as my 
Obſervation reaches, may be ſeen through if 
made ſufficiently thin, and therefore are in ſome 
meaſure tranſparent, and differ only in degrees 
of Tranſparency from tinged tranſparent Li- 
quors ; theſe Liquors, as well as thoſe Bodies, 
by a ſufficient Thickneſs becoming opake. A 
tranſparent Body which looks of any Colour by 
tranſmitted Light, may alſo look of the ſame 
Colour by reflected Light, the Light of that 
Colour being reflected by the farther Surface 
of the Body, or by the Air beyond it. _ 
| en 
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then the reflected Colour will be diminiſhed, and 
perhaps ceaſe, by making the Body very thick, 
and pitching it on the backſide to diminiſh the 
Reflexion of its farther Surface, ſo that the Light 
reflected from the tinging Particles may predomi- 
nate. In ſuch Caſes, the Colour of the reflected 
Light will be apt to vary from that of the Light 
tranſmitted. But whence it is that tinged Bo- 
dies and Liquors reflect ſome ſort of Rays, and 
intromit or tranſmit other ſorts, ſhall be faid in 
the next Book. In this Propoſition I content my 


ſelf to have put it paſt diſpute, that Bodies have 


ſuch Properties, and thence appear colour'd. 


. 


PROP. XI. Pros. VI. 


By mixing colour d Lights to compound a 
beam of Light of the ſame Colour and 
Mature with a beam of the. Sun's direct 


Light, and therein to experience the 


Truth of the foregoing Propoſitions. 


Ex ABC abc ſin Fig. 16.] repreſent a 
Priſm,” by which the Sun's Light let into 
a dark Chamber through the Hole F, may be 


refracted towards the Lens MN, and paint upon 


it at p, 9, r, s, and t, the uſual Colours vio- 
ler, blue, green, yellow, and red, and let the 
diverging Rays by the Refraction of this Lens 
converge again towards X, and there, by the 
mixture of all thoſe their Colours, compound a 


white according to what was ſhewn above. 
MS Then 
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Then let another Priſm DEG deg, parallel to 
the former, be placed at X, to refract that white 
Light upwards towards V. Let the refracting 
Angles of the Priſms, and their diſtances from 
the Lens be equal, ſo that the Rays which con- 
verged from the Lens towards X, and without 
Refraction, would there have croſſed and di- 
verged again, may by the Refraction of the ſe- 
cond Priſm be reduced into Paralleliſm and 
diverge no more. For then thoſe Rays will re- 
compoſe a beam of white Light XY. If the 
refracting Angle of either Priſm be the bigger, 
that Priſm muſt be ſo much the nearer to the 
Lens. You will know when the Priſms and the 
Lens are well ſet together, by obſerving if the 
beam of Light XV, which comes out of the ſe- 
cond Priſm be perfectly white tq the very edges 
of the Light, and at all diſtances from the Priſm 
continue perfectly and totally white like a beam 
of the Sun's Light. For till this happens, the 
Poſition of the Priſms and Lens to one another 
muſt be corrected ; and then if by the help of a 
long beam of Wood, as is repreſented in the 
Figure, or by a Tube, or ſome other ſuch In- 
ſtrument made for that Purpoſe, they be made 
faſt in that Situation, you may try all the ſame 
Experiments in this compounded beam of Light 
XY, which have been made in the Sun's direct 
Light. For this compounded beam of Light 
has the ſame appearance, and is endow'd with 
all the ſame Properties with a direct beam of the 
Sun's Light, ſo far as my Obſervation reaches. 
And in trying Experiments in this beam you 
may by ſtopping any of the Colours p, 9, 7, 5, 


and 
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| arid t, at the Lens, ſee how the Colours produced 


in the Experiments are no other than thoſe which 
the Rays had at the Lens before they entered the 
Compoſition of this Beam : And by conſequence, 
that they ariſe not from any new Modifications of 
the Light by Refractions and Reflexions, but from 
the various Separations and, Mixtures of the Rays 
originally endow'd with their colour- making Qua- 
lities. | 

So, for inſtance, having with a Lens 4; Inches 
broad, and two Priſms on either hand 6: Feet 
diſtant from the Lens, made ſuch a beam of 
compounded Light; to examine the reaſon of 


the Colours made by Priſms, I refracted this com- 


ounded beam of Light X Y with another Priſm 
IK I, and thereby caſt the uſual Priſma- 
tick Colours PQRST upon the Paper LV 
placed behind. And then by ſtopping any of 
the Colours p, 9, r, 5, t, at the Lens, I found 
that the ſame Colour would vaniſh at the Pa- 
70 So if the Purple p was ſtopp'd at the 
ns, the Purple P upon the Paper would vaniſh, 
and the reſt of the Colours would remain un- 
alter'd, unleſs perhaps the blue, ſo far as ſome 
urple latent in it at the Lens might be ſepa- 
rated from it by the following Refractions. And 
ſo by intercepring the green upon the Lens, the 
green R upon the Paper would vaniſh, and fo 
of the reſt ; which plainly ſhews, that as the 
white beam of Light XV was compounded of 
ſeveral Lights variouſly colour'd at the Lens, 
ſo the Colours which afterwards emerge out of 
it by new Refractions are no other than thoſe 


of which its Whiteneſs was compounded. The 
| M 3 Refraction 
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Refraction of the Priſm H IK & generates the 
Colours PQRST upon the Paper, not by chan- 
ging the colorifhc Qualities of the Rays, but by 
ſeparating the Rays which had the very ſame colo- 
ride Qualities before they enter'd the Compoſition 
of the refracted beam of white Light XV. For 
otherwiſe the Rays which were of one Colour at 


the Lens might be of another upon the Paper, 
- contrary to what we find. 


So again, to examine the reaſon of the Co- 


| Jours of natural Bodies, I placed ſuch Bodies 
in the Beam of Light XY, and found that they 


all appeared there of thoſe their own Colours 
which they have in Day-light, and that thoſe 
Colours depend upon the Rays which had the 
ſame Colours at the Lens before they enter'd the 
Compoſition of that beam. Thus, for inſtance, 
Cinnaber illuminated by this beam appears of 
the ſame red Colour as in Day-light ; and if 
at the Lens you intercept the green-making and 
blue-making Rays, its redneſs will become more 
full and lively: But if you there intercept the 


red-making Rays, it will not any longer ap- 


pear red, but become yellow or green, or of 
ſome other Colour, according to the ſorts of 
Rays which you do not intercept. So Gold 
in this Light XY appears of the ſame yellow 
Colour as in Day-light, but by intercepting at 
the Lens a due Quantity of the yellow-making 
Rays it will appear white like Silver (as I have 
tried ) which ſhews that its yellowneſs ariſes from 
the Exceſs of the intercepted Rays tinging that 
Whiteneſs with their Colour when they are let 


paſs, So the Infuſion of Lignum N mo 
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(as! fave alſo tried) when held in this beam of | 


Light XY, looks blue by the reflected Part of the 
Light, and red by the tranſmitted Part of it, as 
when tis view d in Day-light; but if you intercept 
the blue at the Lens the Infuſion will loſe its re- 
flected blue Colour, whilſt its tranſmitted red re- 
mains perfect, and by the loſs of ſome blue- 
making Rays, wherewith it was allay'd, becomes 
more intenſe and full. And, on the contrary, if 
the red and orange-making Rays be intercepred at 
the Lens, the Infuſion will loſe its tranſmitted red, 

whilſt its blue will remain and become more full 
and perfect. Which ſhews, that the Infuſion 
does not tinge the Rays with blue and red, but 
only tranſmit thoſe moſt copiouſly which were 
red-making before, and reflects thoſe moſt copi- 
ouſly which were blue-making before. And fitter 
the ſame manner may theReaſons of other Phæno- 
mena be examined, by trying them in this artificial 
beam of Light XY. 
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SECOND BOOK 


OPTICKS, 


Obſervations concerning the Reflexions, Re- 
fractions, and Colours of thin. tranſpa- 


rent Bodies. 


T has been obſerved by others, 
that tranſparent Subſtances, as 
Glaſs, Water, Air, Sc. when 
made very thin by being blown 
into Bubbles, or otherwiſe formed 
into Plates, do exhibit various Co- 

lours according to their various thinneſs, altho' at 

a greater 
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a greater thickneſs they appear very clear and 


colourleſs. In the former Book I forbore to 
treat of theſe Colours, becauſe they ſeemed of a 
more difficult Conſideration, and were not neceſ- 
ſary for eſtabliſhing the Properties of Light there 
diſcourſed of. But becauſe they may conduce to 
farther Diſcoveries for compleating the Theory of 
Light, eſpecially as to the conſtitution of the 
parts of natural Bodies, on which their Colours 
or Tranſparency depend; I have here ſet down 
'an account of them. To render this Diſcourſe 
ſhort and diſtinct, I have firſt deſcribed the prin- 
cipal of my Obſervations, and then conſider d 
_ made uſe of them, The Obſervations are 
ele. 


ther that their tides (which by chance were a 


very little convex) might ſomewhere touch one 
another : I found the place in which they touch- 


ed to become abſolutely tranſparent, as if they 
had there been one continued piece of. Glaſs. 


For when the Light fell ſo obliquely on the 
Air, which in other places was between them, 


as tO be all reflected; it ſeemed in that place of 


contact to be wholly tranſmitted, inſomuch that 
when look'd upon, it appeared like a black or 
dark ſpot, by reaſon. that little or no ſenſible 
Light was reflected. from thence, as from other 
places; and when looked through it ſeemed ( as 
it were) a hole in that Air which was formed 
into a thin Plate, by being compreſs'd berween 
the Glaſſes. And through this hole Objects that 
were beyond might be ſeen diſtinctly, which 
could not at all be ſeen through other parts _ 
Rr 2 | S 


Ob. 1. Compreſſing two Priſms hard toge- | 


them delineated in the firſt Figure. And by con- 


a little tinged in their inward Limbs with red 


blue was adjacent. So that the order of theſe 


170 Q PTIC KS. 
the Glaſſes where the Air was interjacent. Al- 
though the Glaſſes were a little convex, yet this 
tranſparent ſpot Was of a conſiderable breadth, 
which breadth ſeemed principally to proceed 
from the yielding inwards of the parts of the 
Glaſſes, by reaſon of their mutual preſſure. For 
by preſſing them very hard together it would be- 
come much broader than otherwiſe. 

O#4/. 2. When the Plate of Air, by turnin 
the Priſms about their common Axis, became 15 
little inclined to the incident Rays, that ſome of 
them began to be tranſmitted, there aroſe in it 
many ſlender Arcs of Colours which at firſt were 
ſhaped almoſt like the Conchoid, as you ſee 


tinuing the Motion of the Priſms, theſe Arcs 
increaſed and bended more and more about the 
ſaid tranſparent ſpot, till they were compleated 
into Circles or Rings incompaſſing it, and af- 
terwards continually grew more and more con- 
tracted. | | 

Theſe Arcs at their firſt appearance were of 
a violet and blue Colour, and between them 
were white Arcs of Circles, which preſently 
by continuing the Motion of the Priſms became 


and yellow, and to their outward Limbs the 


Colours from the central dark ſpot, was at that 
time white, blue, violet; black, red, orange, 
— white, blue, violet, Sc. But the yel- 
ou and red were much fainter than the blue and 
violet. 1 


. ; FE 


BOOK II. 171 


The Motion of the Priſms about their Axis 
being continued, theſe Colours contracted more 
and more, ſhrinking towards the whiteneſs on 
either ſide of it, until they totally vaniſhed into 
it. And then the Circles in thoſe parts appear'd 
black and white, without any other Colours in- 
termix d. But by farther moving the Priſms 
about, the Colours again emerged out of the 
whiteneſs, the violet and blue at its inward 
Limb, and at its outward Limb the red and yel- 
low. So that now their order from the central 
Spot was white, yellow, red; black; violet, 


blue, white, yellow, red, &c. contrary to what 
it was before. | 


OB/. 3. When the Rings or ſome. . of 
them appeared only black and white, they were 
very diſtinct and well defined, and the blackneſs 


ſeemed as intenſe as that of the central Spot. 


Alſo in the Borders of the Rings, where the 
Colours began to emerge out of the white- 
neſs, they were pretty diſtinct, which made 
them viſible to a very great multitude. I have 
ſometimes number'd above thirty Succeſſions 
(reckoning every black and white Ring for one 
Succeſſion) and ſeen more of them, which by 


reaſon of their ſmalneſs I could not number. 


But in other Poſitions of the Priſms, at which 
the Rings appeared of many Colours, I could 
not diſtinguith above eight or nine of them, and 
the Exterior of thoſe were very confuſed and 
dilute, 

In theſe two Obſervations to ſee the Rings 2 
ſtinct, and without any other Colour than blac 
and white, I found it neceſſary to hold my Eye 

WM at 
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at a good diſtance from them. For by 'ap- 


proaching nearer, although in the ſame inclina- 


tion of my Eye to the Plane of the Rings, there 
emerged a bluiſh Colour out of the white, 
which by dilating it ſelf more and more into 
the black, render d the Circles leſs diſtin, and 
left the white a little tinged with red and yel- 
low. I found alſo by looking through a lit or 
oblong hole, which was narrower than the pupil 
of my Eye, and held cloſe to it parallel to * 
Priſms, I could ſee the Circles much diſtincter 
and viſible to a far greater number than other- 


Obſ. 4. To obſerve more nicely the order of 


the Colours which aroſe out of the white Cir- 


cles as the Rays became leſs and leſs inclined 
to the Plate of Air; I took two Object-glaſſes, 
the one a Plano-convex for a fourteen Foot 
Teleſcope, and the other a large double Con- 
vex for one of about fifty Foot; and upon this, 
laying the other with its plane fide downwards, 
I prefled them ſlowly. together, to make the 
Colours ſucceſſively emerge in the middle of the 
Circles, and then ſlowly lifted the upper Glaſs 


from the lower to make them ſucceſſively vaniſh 


again in the ſame place. The Colour, which 


by preſſing the Glaſſes together, emerged laſt in 


the middle of the other Colours, would upon its 
firſt appearance look like a Circle of a Colour 
almoſt uniform from the circumference to the 
center, and by compreſſing the Glaſſes ſtill more, 
grow continually broader until a new Colour 
emerged in its center, and thereby it became a 
Ring encompaſſing that new Colour. And by 


1 com- 
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compreſſing the Glaſſes ſtill more, the diameter 
of this Ring would increaſe, and the breadth of 


its Orbit or Perimeter decreaſe until another new 


Colour emerged in the center of the laſt: And 
ſo on until a third, a fourth, a fifth, and ather 
following new Colours ſucceſſively emerged 
there, and became Rings encompaſling the inner- 
| moſt Colour, the laſt of which was the black 
Spot, And, on the contrary, by lifting up the 
upper Glaſs from the lower, the diameter of the 
Rings would decreaſe, and the breadth of their 
Orbit increaſe, until their Colours reached fuc- 
ceſſively to the center; and then they being of a 
conſiderable breadth, I could more eafily diſcern 
and diſtinguiſh their Species than before. And 
by this means I obſerv'd their Succeſſion and 
Quantity to be as followeth. 


Next to the pellucid central Spot made by 


the contact of the Glaſſes ſucceeded blue, white, 
yellow, and red. The blue was ſo little in quan- 
rity, that I could not diſcern it in the Circles 
made by the Priſms, nor could I well diſtinguiſn 


any violet in it, but the yellow and red were 


pretty copious, and ſeemed about as much in 


extent as the white, and four or five times more 


than the blue. The next Circuit in order of 
Colours immediately encompaſſing theſe were 
violet, blue, green, yellow, and red: and theſe 
were all of them copious and vivid, excepting 
the green, which was very little in quantity, and 
ſeemed much more faint and dilute than the 
other Colours. Of the other four, the vio- 
let, was the leaſt in extent, and the blue leſs 
than the yellow or red. The third bt 
| Order 
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Order was purple, blue, green, yellow, and 
red; in which the purple ſeemed more reddiſh 


than the violet in the former Circuit, and the 

een was much more conſpicuous, being as 
brisk and copious as any of the other Colours, 
except the yellow, but the red began to be a lit- 
tle faded, inclining very much to purple. Af- 
ter this ſucceeded the fourth Circuit of green 
and red. The green was very copious and live- 
ly, inclining on the one ſide to blue, and on 
the other ſide to yellow. But in this fourth 
Circuit there was neither violet, blue, nor yel- 
low, and the red was very imperfect and dir- 
ty. Alſo the ſucceeding Colours became more 
and more imperfect and dilute, till after three 
or four revolutions they ended in perfect 
whiteneſs. Their form, when the Glaſſeß were 
moſt compreſs d ſo as to make the black Spot 
appear in the center, is delineated in the, ſe- 
cond Figure; where a, b, c, de: ½ g, b, i, 
e i m,n, „gr % £5 u : „ 2 de- 
note the Colours reckon'd in order from the 
center, black, blue, white, yellow, red: vio- 
let, blue, green, yellow, red: purple, blue, 
green, yellow, red: green, red: greeniſh blue, 
red: greeniſh blue, pale red: greeniſh blue, 
reddjſh white. 

b/. 5. To determine the interval of the 
Glaſſes, or thickneſs of the interjacent Air, by 
which each Colour was produced, I meaſured 
the Diameters of the firſt ſix Rings at the moſt 
lacid part of their Orbits, and ſquaring them, I 
found their Squares to be in the arithmetical Pro- 
greſſion of the odd Numbers, 1, 3, 5, 7, 9, bh 
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And ſince one of theſe Glaſſes was plane, and 
the other ſpherical, their Intervals at thoſe Rings 
mult be in the ſame Progreſſion. I meaſured alſo 
the Diameters of the dark or faint Rings between 
the more lucid Colours, and found their Squares 
to be in the arithmetical Progreſſion of the even 
Numbers, 2, 4, 6, 8, 10, 12. And it being very 
nice and difficult to take theſe meaſures exactly; 
I repeated them divers times at divers parts of 
the Glaſſes, that by their Agreement I might be 
confirmed in them. And the ſame method I uſed 
in determining ſome others of the following Ob- 


ſervations. * 
OH 6. The Diameter of the ſixth Ring at 


the moſt lucid part of its Orbit was = parts of 


an Inch, and the Diameter of the Sphere on 
which the. double. convex Object-glaſs was 
ground was about 102 Feet, and hence I ga- 
thered the thickneſs of the Air or Aereal Inter- 
val of the Glaſſes at that Ring. Bur ſome time 
after, ſuſpecting that in making this Obſervation 
1 had not determined the Diameter of the 
Sphere with ſufficient accurateneſs, and being 
uncertain whether the Plano-convex Glaſs was 
truly plane, and not ſomething concave or con- 
vex on that fide which I accounted plane; and 
whether I had not preſſed the Glaſſes together, 
as I often did, to make them touch; (For by 
preſſing ſuch Glaſſes together their parts eaſily 
yield inwards, and the Rings thereby become 
ſenſibly broader than they would be, did the 
Glafſes keep their Figures.) I repeated the 


Experiment, and found the Diameter of the 
| ſixth 
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fixth lucid Ring about — parts of an Inch. 1 


repeated the Experiment alſo with ſuch an Ob- 
ject-glaſs of another Teleſcope as I had at hand. 
This was a double Convex ground on both 
ſides to one and the ſame Sphere, and its Fo- 
cus was diſtant from it 837 Inches. And thence, 


if the Sines of Incidence and Refraction of the 


bright yellow Light be aſſumed in proportion 
as 11 to 17, the Diameter of the Sphere to 
which the Glaſs was figured will by computa- 
tion be found 182 Inches. This Glaſs I laid 
upon a flat one, ſo that the black Spot appear- 
d in the middle of the Rings of Colours with- 
out any other Preſſure than that of the weight 
of the Glaſs. And now meaſuring the Diame- 
ter of the fifth dark Circle as accurately as I 


could, 1 found it the fifth part of an Inch pre- 


ciſely. This Meaſure was taken with the points 
of a pair of Compaſſes on the upper Surface 


on the upper Glaſs, and my Eye was about 


eight or nine Inches diſtance from the Glaſs, 
almoſt perpendicularly over it, and the Glaſs 
was 7 of an Inch chick, and thence it is eaſy to 
collect that the true: Diatficer of the Ring be- 
tween the Glaſſes was greater than its meaſur d 
Diameter aboye the Glaſſes in the Proportion 
of 80 to 79, or thereabouts, and by conſequence 
equal to 44 parts of an Inch, and its true Semi- 
diameter equal to parts. Now as the Dia- 
meter of the Sphere (182 Inches) is to the Se- 
mi- diameter of this fifth dark Ring ( parts of 


an Inch) ſo is this Semi-diameter to the thick- 


neſs of the Air at this fifth dark Ring; which is 


there- 
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therefore Fas or 77770 Parts of an Inch; and 


the fifth Part thereof, vg. the 1877 Part of an 
I 


Inch, is the Thickneſs of the Air at the firſt 
of theſe dark Rings. | | 

The ſame Experiment I repeated with another 
double convex Object-glaſs ground on both ſides 
to one and the ſame Sphere. Its Focus was di- 
ſtant from it 168! Inches, and therefore the Dia- 
meter of that Sphere was 184 Inches. This 
Glaſs being laid upon the ſame plain Glaſs, 
the Diameter of the fifth of the dark Rings, 
when the black Spot in their Center appear d 
plainly without preſſing the Glaſſes, was by the 
meaſure of the Compailes upon the upper Glaſs 


og Parts of an Inch, and by conſequence be- 


tween the Glaſſes it was 8585 For the upper Glaſs 


was z of an Inch thick, and my Eye was diftant 
from it 8 Inches. And a third proportional to 
half this from the Diameter of the Sphere is 


Far Parts of an Inch. This is therefore the 


Thickneſs of the Air at this Ring, and a fifth 


Part thereof, viz. the dap th Part of an Inch is 

the Thickneſs thereof at the firſt of the Rings, as 
above. $ ho 
I tried the ſame Thing, by laying theſe Object - 
glaſſes upon flat Pieces of a broken Looking- 
glaſs, and found the ſame Meaſures of the 
| Rings: Which makes me rely upon them till 
| N they 
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they can be determin'd more accurately by Glaſſes 
ground to larger Spheres, though in ſuch Glaſſes 
greater care muſt be taken of a true Plane. 
Theſe Dimenſions were taken, when my Eye 
was placed almoſt perpendicularly over the Glaſ- 
ſes, being about an Inch, or an Inch and a quar- 
ter, diſtant from the incident Rays, and eight 
Inches diſtant from the Glaſs; ſo that the Rays 
were inclined to the Glaſs in an Angle of about 
four Degrees. Whence by the following Obſer- 
vation you will underſtand, that had the Rays 
been perpendicular to the Glaſſes, the Thickneſs 
of the Air at theſe Rings would have been leſs in 
the Proportion of the Radius to the Secant of four 


Degrees, that is, of 10000 to 10024. Let the 
Thicknefles found be therefore diminiſh'd in this 


Proportion, and they will become = and 858855 
or (to uſe the neareſt round Number) the 
— Part of an Inch. This is the Thickneſs of 
the Air at the darkeſt Part of the firſt dark Ring 
made by perpendicular Rays; and half this Thick- 
neſs multiplied by the Progreſſion, 1, 3, 5, 778 
11, Sc. gives the Thickneſſes of the Air at the 


moſt luminous Parts of all the brighteſt Rings, vis. 


I , 5 7 Fa 4 | 
L , Cc. their arithme- 
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Thickneſſes at the darkeſt Parts of all the dark 


Ones. 
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O 7. The Rings were leaſt, when my Eye 
was placed perpendicularly over the Glaſſes in the 
Axis of the Rings: And when I view'd them 
obliquely they became bigger, continually ſwel- 
ling as I removed my Eye farther from the Axis. 
And partly by meaſuring the Diameter of the 
ſame Circle at ſeveral Obliquities of my Eye, 
partly by other Means, as alſo. by making uſe of 
the two Priſms for very great Obliquities, I found 
its Diameter, and conſequently the Thickneſs of 
the Air at its Perimeter in all thoſe Obliquities to 


be very nearly in the ,Proportions expreſs'd in 
this Table. 


Angle of In Angle of Re- Diameter Thickneſs 


cidence on fraction in-| of the} of the 
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In the two firſt Columns are expreſs'd the Obli- 
uities of the incident and emergent Rays to the 
late of the Air, that is, their Angles of Inci- 

dence and Refraction. In the third Column the 

Diameter of any colour'd Ring at thoſe Obliqui- 

ties is expreſſed in Parts, of which ten conſtitute 

that Diameter when the Rays are perpendicular. 

And in the fourth Column the Thickneſs of 

the Air at the Circumference of that Ring is 

expreſſed in Parts, of which alſo ten conſti- 
tute its Thickneſs when the Rays are perpeti- 

dicular. + 01 5 

And from theſe Meaſures I ſeem to gather 
this Rule: That the Thickneſs of the Air is pro- 
portional to the Secant of an Angle, whoſe Sine 
is a certain mean Proportional between the Sines 
of Incidence and Refraction. And that mean 

Proportional, ſo far as by theſe Meaſures I can 

determine it, is the firſt of an hundred and fix 

atithmetical mean Proportionals between thoſe 

Sines counted from the bigger Sine, that is, 

from the Sine of Refraction when the Re- 

fraction is made out of the Glaſs into the 

Plate of Air, or from the Sine of Incidence when 


the Refraction is made out of the Plate of Air 


into the Glaſs. 7 . 
| Ob/; 8. The dark Spot in the middle of the 
Rings increaſed alſo by the Obliquation of the 
Eye, although almoſt inſenſibly. But, if inſtead 
of the Object-glaſſes the Priſms were made uſe 
of, its Increaſe was more manifeſt when viewed 


. fo obliquely that no Colours appear'd about 


it, It was leaſt when the Rays were incident 


moſt obliquely on the interjacent Air, and as 
the 
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the obliquity decreaſed it increaſed more and 
more until the colour'd Rings appear d, and 
then decreaſed again, but not ſo much as it in- 
creaſed before. And hence it is evident, that 
the Tranſparency was not only at the abſolute 
Contact of the Glaſſes, but alſo where they had 
ſome little Interval. I have ſometimes obſerved 
the Diameter of that Spot to be between half 
and two fifth parts of the Diameter of the ex- 
terior Circumference of the red in the firſt Cir-. - 
cuit or Revolution of Colours when view'd al- 
molt perpendicular] - Whereas when view'd ob- 
liquely it hath wholly yaniſh'd and become 
opake and white like the other parts of the 
Glaſs; whence it may be collected that the 
Glaſſes did then ſcarcely, or not at all, touch 
one another, and that their Interval at the pe- 
rimeter of that Spot when view'd perpendicu- 
larly was about a fifth or fixth part of their In- 
terval at the circumference of the ſaid red. 
Obſerv. 9. By looking through the two conti- 
guous Object-glaſſes, I found that the interja- 
cent Air exhibued Rings of Colours, as well 
by tranſmitting Light as by reflecting it. The 
central Spot was now white, and from it the 
order of the Colours were yellowiſh red; black, 
violet, blue, white, yellow, red; violet, blue, 
green, yellow, red, &c. But theſe Colours 
were very faint and dilute, unleſs when the 
Light was trajected very obliquely through the 
Glafles: For by that means they became pretty 
vivid. Only the firſt yellowiſh red, like the 
blue in the fourth Obſervation, was ſo little and 
taint as ſcarcely to be diſcern'd, Comparing 
| 25,4 the 
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the colour'd Rings made by Reflexion, with 
theſe made by tranſmiſſion of the Light; I 
found that white was oppoſite to black, red to 


blue, yellow to violer, and green to a Compound 


of red and violet, That is, thoſe parts of the 
Glaſs were black when looked through, which 
when looked upon appeared white, and on the 
contrary, And ſo thoſe which in one caſe exhi- 
bited blue, did in the other caſe exhibit red. 


And the like of the other Colours. The man- 


ner you have repreſented in the third Figure, 
where AB, CD, are the Surfaces of the Glaſſes 
contiguous at E, and the black Lines between 
them are their Diſtances in ar ithmetical Progreſ- 
ſion, and the Colours written above are ſeen b 
reflected Light, and thoſe below by Light note 
mitted, |, | | 
Ob/. 10. Wetting the Object-glaſſes a little 
at their edges, the Water crept in ſlowly be- 
tween them, and the Circles thereby became 
leſs and the Colours more faint: Inſomuch that 


as the Water crept along, one half of them at 


which it firſt arrived would appear broken off 
from the other half, and contracted into a leſs 
Room. By meaſuring them I found the Pro- 


| portions of their Diameters to the Diameters of 


the like Circles made by Air to be about ſeven 
to eight, and conſequently the Intervals of the 
Glaſſes at like Circles, cauſed by thoſe two Me- 


diums Water and Air, are as about three to four. 


Perhaps it may be a general Rule, That if any 
other Medium more or leſs denſe than Water 
be compreſs'd between the ¶laſſes, their Inter- 
yals at the Rings cauſed therehy will be to their 


Intervals 
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Intervals cauſed by interjacent Air, as the Sines 
are which meaſure the Refraction made out of 
that Medium into Air. 

Obſ. 11. When the Water was between the 
Glaſſes, if I preſſed the upper Glaſs variouſly at 
its edges to make the Rings move nimbly from 
one place to another, a little white Spot would 
immediately follow the center of them, which 

upon creeping in of the ambient Water into that 
place would preſently yaniſh. Its appearance 
was ſuch as interjacent Air would have cauſed, 
and it exhibited the ſame Colours. But it was 
not Air, for where any Bubbles of Air were in 
the Water they would not vaniſh. The Refle- 
xion muſt have rather been cauſed by a ſubtiler 
Medium, which could recede through the Glaſ- 
ſes at the creeping in of the Water. 

Ob/. 12. Theſe Obſervations were made in 
the open Air. But farther to examine the Effects 
of colour'd Light falling on the Glaſſes, I dar- 
ken'd the Room, and view'd them by Reflexion 
of the Colours of a Priſm caſt on a Sheet of 
white Paper, my Eye being ſo placed that I 
could ſee the colour'd Paper by Reflexion in the 
Glaſſes, as in a Looking-glaſs. And by this 
means the Rings became diſtincter and viſible to 
a far greater number than in the open Air. I 
have ſometimes ſeen more than twenty of them, 
whereas in the open Air I could not diſcern above 
eight or nine. 

Ob/. 13. Appointing an Aſſiſtant to move the 
Priſm to and fro about its Axis, that all the 
Colours might ſucceſſively fall on that part of 
the Paper which I ſaw by Reflexion from that 
| N 4 part 
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part of the Glaſſes, where the Circles appear d, 
ſo that all the Colours might be ſucceſſively re- 
flected from the Circles to my Eye whilſt I held 
it immovable, I found the Circles which the 
red Light made to be manifeſtly bigger than 
thoſe which were made by the blue and violet. 
And it was. very pleaſant to ſee them gradually 
{well or contract accordingly as the Colour of the 
Light was changed. The Interval of the Glaſ- 
ſes at any of the Rings when they were made by 
the utmoſt red Light, was to their Interval at the 
fame Ring when made by the utmoſt violet, 
greater than as 3 to 2, and leſs than as 13 to 8, 
By the moſt of my Obſervations it was as 14 to 

And this Proportion ſeem'd very nearly the 
ſame in all Obliquities of my Eye; unleſs when 
two Priſms were made uſe of inſtead of the Ob- 
ject-glaſſes. For then at a certain great obliquity 
of my Eye, the Rings made by the ſeveral Co- 
lours ſeem'd equal, and at a greater obliquity 
thoſe made by the violet would be greater than 
the ſame Rings made by the red: the Refraction 
of the Priſm in this caſe cauſing the moſt refran- 
gible Rays to fall more obliquely on that plate of 
the Air than the leaſt refrangible ones. Thus 
the Experiment ſucceeded in the colour'd Light, 
which was ſufficiently ſtrong and capious to 
make the Rings ſenſible. And thence it may be 
gather'd, that if the moſt refrangible and leaſt 
reirangible Rays had been copious enough to 
make the Rings ſenfible without the mixture of 
other Rays, the Proportion which here was 14 to 
9 would have been a little greater, ſuppoſe 147 


or 143 to 9. 00 


OH 14. Whilſt the Priſm was turn'd about 
its Axis with an uniform Motion, to make all 
the ſeveral Colours fall ſucceſſively upon the 
Object-glaſſes, and thereby to make the Rings 
contract and dilate: The Contraction or Dilata- 
tion of each Ring thus made by the variation of 
its Colour was ſwifteſt in the red, and ſloweſt 
in the violet, and in the intermediate Colours 
it had intermediate degrees of Celerity. Com- 
paring the quantity of Contraction and Dilata- 
tion made by all the degrees of each Colour, I 
found that it was greateſt in the red; leſs in 
the yellow, ſtill leſs in the blue, and leaſt in the 
violet. And to make as juſt an Eſtimation as I 
could of the Proportions of their Contractions 
or Dilatations, I obſerv'd that the whole Con- 
traction or Dilatation of the Diameter of any 
Ring made by all the degrees of red, was to 
that of the Diameter of the ſame Ring made by 
all the degrees of violet, as about four to three, 
or five to four, and that when the Light was 
of the middle Colour berween yellow and green, 
the Diameter of the Ring was very nearly an 
arithmetical Mean between the greateſt Diame- 
ter of the ſame Ring made by the outmoſt red, 
and the leaſt Diameter thereof made by the 
outmoſt violet: Contrary to what happens in 
the Colours of the oblong Spectrum made by 
the Refraction of a Priſm, where the red is 
moſt contracted, the violet moſt anded , 
and in the midſt of all the Colours is the Con- 
fine of green and blue. And hence I feem to 
collect that the thickneſſes of the Air between 

the Glaſſes there, where the Ring is ſucceſſive- 
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ly made by the limits of the five principal Co- 


lours (red, yellow, green, blue, violet) in or- 
der (that is, by the extreme red, by the limit 
of red and yellow in the middle of the orange, 
by the limit of yellow and green, by the limit 
of green and blue, by the limit of blue and 
violet in the middle of the indigo, and by the 
extreme violet) are to one another very nearly 
as the ſixth lengths of a Chord which ſound the 
Notes in a ſixth Major, /e/, la, mi, fa, ſol, la. 
But it agrees ſomething better with the Obſerva- 
tion to ſay, that the thickneſſes of the Air be- 
tween the Glaſſes there, where the Rings are 
ſucceſſively made by the limits of the ſeven Co- 
lours, red, orange, yellow, green, blue, indi- 

o, violet in order, are to one another as the 


Cube Roots of the Squares of the eight lengths 


of a Chord, which ſound the Notes in an eighth, 
fel, la, fa, fol, la, mi, fa, fol; that is, as the 


Cube Roots of the Squares of the Numbers, 1, 
5 O Þ 3, 3, 77 f. 

Ov}. 15. Theſe Rings were not of various 
Colours like thoſe made in the open Air, but 
appeared all over of that priſmatick Colour on- 
ly with which they were illuminated. And by 
projecting the priſmatick Colours immediately 
upon the Glaſſes, I found that the Light which 
fell on the dark Spaces which were between 
the colour'd Rings was tranſmitted through the 
Glaſſes without any variation of Colour. For 
on a white Paper placed behind, it would paint 


Rings of the ſame Colour with thoſe which 
were reflected, and of the bigneſs of their im- 


| mediate Spaces. And from thence the origin 
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of theſe Rings is manifeſt; namely, that the Air 
between the Glaſſes, according to its various 
thickneſs, is diſpoſed in ſome places to reflect, 
and in others to tranſmit the Light of any one 
Colour (as you may ſee repreſented in the 
fourth Figure) and in the fame place to reffect 
that of one Colour where it tranſmits that of 
another, | 

Ob/. 16. The Squares of the Diameters of 
theſe Rings made by any priſmatick Colour were 
in arithmetical Progreſſion, as in the fifth Ob- 
ſervation, And the Diameter of the fixth Cir- 
cle, when made by the citrine yellow, and 


viewed almoſt perpendicularly, was about — 


pro of an Inch, or a little leſs, agreeable to the 
{ixth Obſervation. 

The precedent Obſervations were made with 
a rarer thin Medium, terminated by a denſer, 
ſuch as was Air or Water compreſs'd between 
two Glaſſes. In thoſe that follow are ſet down 
the Appearances- of a denſer Medium thin'd 
within a rarer, ſuch as are Plates of Muſcovy 
Glaſs, Bubbles of Water, and ſome other thin 
Subſtances terminated on all ſides with Air. 

O6/. 17. If a Bubble be blown with Water 
firſt made tenacious by diſſolving a little Soap 
in it, 'tis a common Obſervation, that after a 
while it will appear tinged with a great variety of 
Colours. . To defend theſe Bubbles from being 
agitated by the external Air (whereby their Co- 
lours are irregularly moved one among ano- 
ther, ſo that no accurate Obſervation can be 
made of them,) as ſoon as I had blown oo of 
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them I cover d it with a clear Glaſs, and by that 
means its Colours emerged in à very regular 
order, like ſo many concentrick Rings encom- 
aſſing the top of the Bubble. And as the Bub- 
le grew thinner by the continual ſubſiding of 
the Water, theſe Rings dilated flowly and over- 


ſpread the whale Bubble, deſcending in order to 


the bottom of it, where they vaniſh'd ſuc- 


ceſſively. In the mean while, after all the Co- 


lours were emerged at the top, there grew in the 
center of the Rings a ſmall round black Spot, 
like that in the firſt Obſervation, which con- 
tinually dilated it ſelf till it became ſometimes 
more than f or ; of an Inch in breadth before 
the Bubble broke. Ar firſt I thought there had 
been no Light reflected from the Water in that 
place, but obſerving it more curiouſly, I ſaw 
within it ſeveral ſmaller round Spots, which 
appeared much blacker and darker than the 
reſt, whereby I knew that there was ſome Re- 
flexion at the other places which were not ſo 
dark as thoſe Spots. And by farther Tryal I 
found that I could ſee the Images of ſome 
things (as of a Candle or the Sun) very faintly 
reflected, not only from the great black Spot, 
but alſo from the little darker Spots which were 
within it, | | 

Beſides the aforeſaid colour'd Rings there 
would often appear ſmall Spots of Colours, aſ- 


cending and deſcending up and down the fides 
of the Bubble, by reaſon of ſome Inequalities in 


the ſubſiding of the Water. And ſometimes 


mall black Spots generated at the fides would 
| @ 75s ie l aſeend 
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aſcend up to the larger black Spot at the top of 
the Bubble, and unite with it. l 
0% 18. Becauſe the Colours of theſe Bubbles 
were more extended and lively than thoſe of the 
Air thinn'd between two Glaſſes, and ſo more 


eaſy to be diſtinguiſh'd, I ſhall here give you 4 


farther deſcription of their order, as they were 
obſerv d in viewing them by Reflexion of the 
Skies when of a white Colour, - whilſt a black 
ſubſtance was placed behind the Bubble. And 
they were theſe, red, blue; red, blue; red, 
blue; red, green; red, yellow, green, blue, 
purple; red, yellow, green, blue, violet; red, 
yellow, white, blue, black. e en 
The three firſt Succeſſions of red and blue 
were very dilute and dirty, eſpecially che firſt, 


where the red ſeem'd in a manner to be white. 


Among theſe there was ſcarce any other Colour 
ſenſible beſides red and blue, only the blues (and 
principally the ſecond blue) inclined a little to 
reen. | | n 
: The fourth red was alſo dilute and dirty, but 
not ſo much as the former three; after that ſuc- 
ceeded little or no yellow, but a copions 
green, which at firſt inclined a little to yellow, 
and then became a er brisk and good wil- 
low green, and afterwards changed to a bluiſh 
Colour; but there ſucceeded neither blue nor 
violet. A 
The fifth red at firſt inclined very much to 
purple, and afterwards became more bright 
and brisk, but yet not very pure. This was 
ſucceeded with a very bright and intenſe yel- 
low, which was but little in quantity, and ſoon 

chang'd 
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chang'd to green: But that green was copious 
and ſomething more pure, deep and lively, than 
the former green. After that follow'd an ex- 
cellent blue of a bright Sky-colour, and then a 
purple, which was leſs in quantity than the blue, 
and much inclined to red. 

The fixth red was at firſt of a very fair and 
lively ſcarlet, and ſoon after of a brighter Co- 
lour, being very pure and brisk, and the beſt 
of all the reds. Then after a lively orange fol- 
low'd an intenſe bright and copious yellow, 
which was alſo the beſt of all the yellows, and 
this changed firſt to a greeniſh yellow, and then 
to a greeniſh blue ; bur the green between the 
yellow and the blue, was "ey little and dilute, 
ſeeming rather a greeniſh white than a green. 
The blue which ſucceeded became very good, 
and of a very fair bright Sky-colour, but yet 
ſomething inferior to the former blue; and the 
violet was intenſe and deep with little or no 
redneſs in it. And leſs in quantity than the 
Dre. ut 

In the, laſt red appeared a tincture of ſcarlet 
next to violet, which ſoon changed to a bright- 
er Colour, inclining to an orange; and the yel- 
low which follow'd was at firſt pretty good 
and lively, but afterwards it grew more dilute, 
until by degrees it ended in perfect whiteneſs. 
And this whiteneſs, if the Water was very te- 
nacious and well-temper'd, would ſlowly ſpread 
and dilate it ſelf over the greater part of the 
Bubble ; continually growing paler at the top, 
where at length it wauld crack in many places, 


and thoſe cracks, as they dilated, would 2 
| 0 
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of a pretty good, but yet obſcure and dark 
Sky- colour; the white between the blue Spots 
diminiſhing, until it reſembled the Threds of 
an irregular Net-work, and ſoon after vaniſh d, 


and left all the upper part of the Bubble of the 


ſaid dark blue Colour. And this Colour, after 
the aforeſaid manner, dilated it ſelf downwards, 
until ſometimes it hath overſpread the whole 
Bubble. In the mean while at the top, which 
was of a darker blue than the bottom, and ap- 
pear'd alſo full of many round blue Spots, ſome- 
thing darker than the reſt, there would emerge 
one or more very black Spots, and within thoſe, 
other Spots of an intenſer blackneſs, which I 
mention'd in the former Obſervation ; and theſe 
continually dilated themſelves until the Bubble 
broke. | 
If the Water was not very tenacious, the black 


Spots would break forth in the white, without 


any ſenſible intervention of the blue. And ſome- 
times they would break forth within the prece- 
dent yellow, or red, or perhaps within the blue 
of the ſecond order, before the intermediate Co- 
lours had time to diſplay themſelves. 

By this deſcription you may perceive how great 
an affinity theſe Colours have with thoſe of Air 
deſcribed in the fourth Obſervation, although 
ſet down in a contrary order, by reaſon that 
they begin to appear when the Bubble is thick- 
eſt, and are moſt conveniently reckon'd from 
the loweſt and thickeſt part of the Bubble up- 
wards, | | 

O6/. 19. Viewing in ſeveral oblique Poſitions 
of my Eye the Rings of Colours emerging -n 

rae, 
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the top of the Bubble, I found that they were 
ſenſibly dilated by increaſing the obliquity, but 
yet not ſo much by far as thoſe made by diam d 
Air in the ſeventh Obſervation. For there they 
were dilated ſo much as, when view'd moſt ob- 
liquely, to arrive at a part of the Plate more than 
twelve times thicker than that where they ap- 
pear'd when viewed perpendicularly ; whereas in 
this caſe the thickneſs of the Water, at which 


they arrived when viewed moſt obliquely, was to 


that thickneſs which exhibited them by per- 
ndicular Rays, ſomething leſs than as 8 to g. 
y the beſt of my Obſervations it was between 
I5 and 15; to 10; an increaſe about 24 times leſs 
than in the other caſe. 
Sometimes the Bubble would become of an 


uniform thickneſs all over, except at the top of 


it near the black Spot, as I knew, becauſe it 


would exhibit the ſame appearance of Colours 


in all Poſitions of the Eye. And then the Co- 


lours which were ſeen at its apparent circumfe- 


rence by the obliqueſt Rays, would be different 
from thoſe that were ſeen in other places, by 
Rays leſs oblique to it. And divers SpeCtators 
might fee the ſame part of it of _— Co- 
lours, by viewing it at very differing Obliqui- 
ties. Now obſerving how much the Colours at 
the ſame places of the Bubble, or at divers pla- 
ces of equal thickneſs, were varied by the ſe- 
veral Obliquities of the Rays; by the aſſiſtance 
of the 4th, 14th, 16th on 18th Obſervations, 


as they are hereafter explain'd, I collect the 


thickneſs of the Water requiſite to exhibit any 
one and the ſame Colour, at ſeveral Obliquities, 
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In the two firſt Columns, are „ 
Obliquities of che Rays to the Superficies of the 
Water, that is, their Angles: of Incidence and 
Refraction. Where I ſuppoſe, that the Sies 
which meaſure them are in round Numbets, as 
3 to, though probably the Diflohutioni o Soap | 
in the Water, may a little alter its refrative 
Virtue. In the third Column, the Thickneſu df 
the Bubble, at Which any one Colour id exhiblt- 
ed in thoſe ſeveral Obliquities, is expreds/&{h.. 
Parts, of which ten conſtitute its Thickneſs when 
the Rays are perpendidular. Aud the Rule 
found by the ſeventh Obſervation oaprees: well 
with theſe Meaſures, if duly apply d; namely, 
that the Thickneis of a Plate al Water requifite 
to exhibit one and the ſame : Colour at ſeveral 
Obliquities of the Eye, is proportional to: the 
Secant of an Angle, whoſe Sine — firſt of an 
hundred aud ſix Ba mean * 


——— r 
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nals between theSines of Incidence and Refractlon 


counted from the leſſer Sine, that is, from the 


Sine of Refraction when the Refraction is made 
one Air into Water, ce from the Line | 
cidence. 8 | 
een ſometimes obſerv dy that che Colours 
which ariſe on poliſh'd Steel by beating it, or on 
Bel,Emetal, and ſome other metalline Sub- 
ſtanbes, when melted and pour d on the Ground, 
where they may cool in the Ae Air, have, Ae 
the {Colours of Water-bubbl been a little 
N ged by e them at divers Obliquities, 
particularly at a deep blue, or vigler, 
al view'd very obliquely, hath been changed 
to a deep red. But the Changes of theſe Co- 
idurs are not ſo great and ſenſible as of thoſe 
made by Water. For the Scoria, or vitrified Part 
of the Metal, 'which moſt Metals when heated or 
melted do continually protrude, and ſend out 
x0 their Sut face, and which by covering the 
Metals in form of a thin glaſſy Skin, cauſes 
theſe Colours, is much denſer than Water; and 
Þ find that the Change made by the Obliquation 
of the en iw leaſbin Colours of the dendedb thin 
0 9020. Ab in thn 1 Düben, fo nos 
the Bubble, by tranſmitted Light, appear'd of a 
icomrary Colour to that which: it exhibited by 
Reflexion. Thus when the Bubble being look d 
on by the Light of the Clouds reflected from 
lit, ſeemed red at its apparent Circumference, 
af the Clouds at the ſame. time, or immediately 
rafter, were view /d through it, the Colour at its 


Vrcumference would 22 blue,” And, on the 
contrary, 


CL 
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contrary, when by reflected Light it appeared 
blue, it would appear red by tranſmitted Light. 
05% 21. By wetting very thin Plates of Mu 
covy Glaſs, whole thinneſs made the like Co- 
lours appear, the Colours became more faint and 
languid ,, eſpecially by wetting the Plates on 
that ſide oppoſite to the Eye: But I could not 
perceive any variation of their Species. So then 
the thickneſs of a Plate requiſite to produce 
any Colour, depends only on the denſity of the 
Plate, and not on that of the ambient Medium. 
And hence, by the roth and 16th Obſervations, 
may be known the thickne(s which Bubbles of 
Water, or Plates of Muſcevy Glaſs, or other 
Subſtances,. have at any Colour produced by 
them. 255 c 24:6 1: TR 
06%. 28. A thin tranſparent Body, which. is 
denſer than its ambient Medium, exhibits more 
brisk and vivid Colours than that which is ſo 
much rarer; as I have particularly obſerved in 
the Air and Glaſs, For blowing Glaſs: very thin 
at a Lamp Furnace, thoſe Plates encompaſſed 
with Air did exhibit Colours much more vivid 
than thoſe of Air made thin between two Glaſ- 
ſes. Ou - 

OH. a3. Comparing the quantity of Light 
reflected from the ſeveral Rings, I found that 
it was moſt. copious from the firſt or inmoſt, 
and in the exterior Rings became gradually leſs 
and leſs. Alſo the whiteneſs of the firſt Ring 
was ſtronger than that reflected from thoſe 
parts of the thin Medium or Plate which were 
without the Rings; as I could manifeſtly per- 
ceive by viewing at a diſtance the Rings * 

. O 2 * 
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by the two Object-glaſſes; or by comparing two 
Bubbles of Water blown at diſtant Times, in the 
firſt of which the Whiteneſs appear'd, which ſuc- 
ceeded all the Colours, and in the other, the 


Whiteneſs. which preceded them all. 


Obſ. 24. When the two Obje&-glaſſes were 
lay'd upon one another, ſo as to make the Rings 
of the Colours appear, though with my naked Eye 
I could not diſcern above eight of nine of thoſe 
Rings, yet 'by viewing them through a Priſm I 
have ſeen a far greater Multitude, inſomuch that 
I could number more than forty, beſides many 


others, that were ſo very ſmall and cloſe together, 


that I could not keep my Eye ſteady on them ſe- 
verally ſo as to number them, but by their 
Extent I have ſometimes eſtimated them to be 
more than an hundred. And I believe the Expe- 


riment may be improved to the Diſcovery of far 


eater Numbers. For they ſeem to be really un- 
limited, though viſible only ſo far as they can be 
ſeparated by the Refraction of the Priſm, as I ſhall 
hereafter explain. een * 
But ĩt was but one fide of theſe Rings, namely, 
that towards which the Refraction was made, 
which by that Refraction was render'd diſtinct, 
and the-other fide became more confuſed than 
when view'd by the naked Eye, inſomuch that 
there I could not diſcern above one or two, 
and ſometimes. none of thoſe Rings, of which 
I could diſcern eight or nine with my naked 
Eye. And their Segments or Arcs, which on 
the other fide appear'd fo numerous, for the 
moſt part exceeded not the third Part of a Cir- 
cle, If the Refraction was very great, 5 1 

. rum 
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Priſm very diſtant from the Ohject-glaſſes, the 
middle Part of thoſe Arcs became alſo confu- 
ſed, fo as to diſappear and conſtitute an even 
Whiteneſs, whilſt on either ſide their Ends, as 
alſo the whole Arcs fartheſt from the Center, 
became diſtincter than before, appearing in the 
Form as you ſee them deſign d in the fifth Fi- 
re. 

The Arcs, where they ſeem'd diſtincteſt, were 
only white and black ſucceſſively, without any 
other Colours intermix'd. But in other Places 
there appeared Colours, whoſe Order was inverted 
by the Refraction in ſuch manner, that if I firſt 
held the Priſm very near the Object-glaſſes, and 
then gradually removed it farther off towards my 
Eye, the Colours of the 2d, 3d, 4th, and fol- 
lowing Rings ſhrunk towards the white that 
emerged between them, until they wholly va- 
niſh'd into it at the middle of the Arcs, and 
afterwards emerged again in a contrary Order. 
But at the Ends of the Arcs they retain'd their 
Order unchanged. = - _ 55 

I have ſometimes ſo lay d one Object-glaſs 
upon the other, that to the naked Eye they 
have all over ſeem' d uniformly white, without 
the leaſt Appearance of any of the colour'd 
Rings; and yet by viewing them through a 
Priſm, great Multitudes of thoſe Rings have 
diſcover d themſelves. And in like manner 
Plates of Muſcovy Glaſs, and Bubbles of Glaſs - 


blown at a Lamp-Furnace, which were not ſo 


thin as to exhibit any Colours to the naked Eye, 
have through the Priſm exhibited -a great Va- 

riety of them ranged irregularly up and down in 
=. 1 85 O 3 the 
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the Form of Waves. And ſo Bubbles of Water, 
before they began to exhibit their Colours to the 
naked Eye of a By- ſtander, have appeared through 
a Priſm, girded about with _ parallel and 
horizontal Rings; to produce which Effect, it 
was neceſſary to hold the Priſm parallel, or 
very nearly parallel to the Horzzon, and to 
diſpoſe it ſo that the Rays might be retracted 
e 
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| A v N G oven my Obſervations 
of theſe Colours, before I make 
ufe *of them to unfold the Cauſes 
of the Colours of natural Bodies, 
it is convenient that by the ſim- 
; pleſt of them, ſuch asare the 2d, 3d; 
4th, th, 120 1808 '2oth, and 24th, I firſt ex- 
do. ' DO ® 624 52 plaia 


— 


” } 
* 4 / 
2 : 
_ * -_ 


nd eighteenth 
. 
NN | , m Fig. 0. 

A, TB, TC. ID, IE, TF, 10, VI. 


1 47 
in proportion to one another, as the Cube-Roots 


roduced, Tor 
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of the Squares of the Numbers, 3, &, 55 Þ Þ Þ 55 35 


whereby the Lengths of a Muſical Chord to ſound 
all the Notes in an eighth are repreſented; that 


is, in the Proportion of the Numbers 6300, 68 14, 
7144, 7631, 8295, 8855, 9243; 10000. And 


at the Points A, B, C, D, E, F, G, H, let Perpen- 
diculars Aa, BS, Sc. be erected, by whoſe In- 
tervals the Extent of the ſeveral Colours ſet under- 
neath againſt them. is ta be repreſented. Then 
divide the Line A in ſuch Proportion as the 
Numbers 1, 2, 3, 5; 6, 7, 9, 0, 11, &c. ſet at 
the Points of Diviſion denote. And through 
thoſe Diviſions from Y draw Lines 1 I, 2 K, 3L, 
„57 
Now, if Az be ſuppoſed to repreſent the 
Thickneſs of anyghin tranſparent Body, at which 
the outmoſt Violet is moſt copiouſly reflected 
in the firſt Ring, or Series of Colours, then by 
the 13th Obſervation, HK will repreſent its 
Thickneſs, at which the utmoſt Red is moſt co- 
piouſly reflected in the ſame! Serie; Alto.» by 
the 5th and 16th Obſervations; A 6 and HN 
will denote the Thickneſſes at Which thoſe ex- 
treme Colours are moſt copiouſly reflected in 
the ſecond Series, and A 10 and HQ the Thick- 
nefſes, at which they are moſt copiouſly reflet- 
ed in the third Series, and ſo on. And the 
Thiekneſs at which any of the intermediate Co- 
2 


lours 


B OO K II. 201 


ours are reflected moſt copiouſly, will, accor- 
ding to the 14th Obſervation, be defined by the 
diſtance of the Line AH from the intermediate 
parts of the Lines 2 K, 6N, 10 Q, Sc. againſt 
which the Names of thoſe Colours are written 
belowWw. ä | 1 

But farther, to define the Latitude of theſe 
Colours in each Ring or Series, let A 1 deſign 
the leaſt thickneſs, and A 3 the greateſt thick- 
neſs, at which the extreme violet in the Yirſt 
Series is reflected, and let HI, and HL, de- 
ſign the like limits for the extreme red, and let 
the intermediate Colours be limited by the in- 
termediate parts of the Lines 11, and 3L, a- 
gainſt which the Names of thoſe Colours are 
written, and ſo on: But yet with this caution, 
that the Reflexions be ſuppoſed ſtrongeſt at the 
intermediate Spaces, 2 K, 6 N, 10Q, &c. and 
from thence to decreaſe gradually towards theſe 
limits, 11, 3 L, 5M, 70, Sc. on either fide; 
where you muſt not conceive them to be pre- 
ciſely limited, but to decay indefinitely. And 
whereas I have aſſign'd the fame Latitude to e- 
very Series, I did it, becauſe although the Co- 
lours in the firſt Series ſeem to be a little broad- 
er than the reſt, by reaſon of a ſtronger Re- 
flexion there, yet that inequality is ſo inſenſi- 
ble as ſcarcely to be determin d by Obſerva- 
uod. 711 . | 

Now according to this Deſcription, concei- 
ving that the Rays originally of ſeveral Colours 
are by turns reflected at the Spaces 11 LZ, 5M 
O/, P R11, Sc. and tranſmitted at the Spaces 
AHII, 3L Ms, 7OPg, &c. it is eaſy to _ 
oy 5 a Wnat 
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what Colour muſt in the open Air be exhi- 
bited at any thickneſs of a tranſparent thin Bo- 
dy. For if a Ruler be applied parallel to AH, 
at that diſtance from it by which the thickneſs 
of the Body is repreſented, the alternate Spaces 
1I LZ, 5M O7, Sc. which it croſſeth will de- 
note the reflected original Colours, of which 
the Colour exhibited in the open Air is com- 
unded. Thus if the conſtitution of the green 
in the third Series of Colours be deſired, apply 
the Ruler as you ſee at 7 po p, and by its paſſing 
through ſome of the blue at mr and yellow at o, 
as well as through the green at ę, you may con- 
clude that the green exhibited at that thickneſs of 
the Body is principally conſtituted of original 
green, but not without a mixture of ſome blue 
and yellow. | 
By this means you may know how the Co- 
lours from the center of' the Rings outward 
ought to ſucceed in order as they were deſcri- 
bed in the 4th and 18th Obſervations. For if 
you move the Ruler gradually from AH through 
all diſtances, having paſs'd over the firſt Space 
which denotes little or no Reflexion to be made 
by thinneſt Subſtances, it will firſt arrive at 1.the 
violet, and then, very quickly at the blue and 
green, which together with that violet com- 
pound blue, and then at the yellow and red, by 
whoſe farther addition that blue is converted 
into whiteneſs, which whiteneſs continues du- 
ring the tranſit of the edge of the Ruler from 
I to 3, and after that by the ſucceſſive defici- 
ence of its component Colours, turns firſt to 
compound yellow, and then to red, and laſt ” | 
. 3 | all 
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all the red ceaſeth at L. Then begin the Co- 
lours of the ſecond Series, which ſucceed in 
order during the tranſit of the edge of the 
Ruler from 5 to O, and are more lively than 
before, becauſe more expanded and ſevered. 
And for the ſame reaſon, inſtead of the former 
white there intercedes between the blue and 
yellow a mixture of orange, yellow, green, 
blue and indigo, all which together ought to 
exhibit a dilute and imperfect green. So the 
Colours of the third Series all ſucceed in or- 
der; fitſt, the violet, which a little interferes 
with the red of the ſecond order, and is there- 
by inclined to a reddiſh purp'e ; then the blue 
and green, which are leſs mix'd with other 
Colours, and conſequently more lively than be- 
fore, eſpecially the green: Then follows the 
yellow, ſome of which towards the green is di- 
ſtin& and good, but that Pare of it towards the 
ſucceeding red, as alſo that red is mix'd with 
the violet and blue of the fourth Series, where- 
by- various degrees of red very much inclinin 
to purple are compounded. This violet an 
blue, which ſhould ſucceed this red, being mix- 
ed -with, and hidden in it, there ſucceeds a 
green. And this at firſt is much inclined to 
blue, but ſoon becomes a good green, the- on- 
ly unmix'd and lively Colour in this fourth Se- 
ries. For as it verges towards the yellow, it 
begins to interfere with the Colours of the fifth 
Series, by whoſe mixture the ſucceeding yel- 
low and red are very much diluted and made 
dirty, eſpecially» the yellow, which being the 
weaker Colour is ſcarce able to ſhew it ſelf. 
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After this the ſeveral Series interfere. more and 
more, and their Colours become more and more 
intermix'd, till after three, or four more revo- 
lutions (in which the red and blue predominate 
by turns) all ſorts, of Colours are in all places 
pretty. equally blended, and compound an even 
whiteneſs. . 

And ſince by the 15th Obſervation the Rays 
endued with one Colour are tranſmitted, — 
thoſe of another Colour are reflected: the reaſon 
of the Colours made by the tranſmitted Light in 
the th and 20th Obſervations is from hence 
evident. 
If not © e and Specks- aß that 
Colours, but alſo the preciſe thickneſs of the 
Plate, or thin Body at which they are exhibited, 
be deſired in parts 1 an Inch, that may be alſo 
obtained aſtance of the 6th or 16th Obſer- 
vations. For according to thoſe. Obſervations 
the thickneſs of the thinned Air, which be- 
tween two Glaſſes exhibited the moſt luminous 


parts of the firſt ſix Rings 1 were 751888 7 


_—_— * = FG. parts of an Inch. 


Suppoſe the Light reflected - moſt copiouſly at 
theſe thickneſſes be the bright citrine yellow, 
or confine of yellow and orange, and theſe thick- 
neſſes will by Fa, F, Fr, Fg, Fo, FT. And 
this being known, it is eaſy to determine what 
thickneſs of Air is repreſented by Go, or by any 
other diſtance of the Ruler from AH. 

But farther, ſince by the 1oth Obſervation the 
_ thickneſs. of Air was to. the thickneſs of 2 | 

A | W 
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which between the ſame Glaſſes exhibited the 
ſame Colour, as 4 to 3, and by the 2 iſt Obſer- 
vation the Colours of thin Bodies are not varied 
by varying the ambient Medium; the thick- 
neſs of a Bubble of Water, exhibiting any Co- 
lour, will be ; of che thickneſs of Air produ- 
eing the ſame Colour. And ſo according to 
the ſame Toth and 2 iſt Obferyations, the thick- 
neſs of a Plare of Glaſs; whoſe Refraction of 
the mean refrangible Ray, is meaſured by the 
propottion of the Sines 31 to 20, may be g of 
the thickneſs of Air producing the fame Co- 
lours; and the like of other Mediums. I do 
not affirm, that this proportion of 20 to 31, 
holds in all the Rays; fe the Sines of other 
ſorts of Rays have other Proportions. But the 
differences of thoſe Proportions are ſo little 
that I do not here conſider chem. On theſe 
Grounds I have compoſed the following Table, 
wherein the thickneſs of Air, Water, and Glaſs, 
at which each Colour is moſt intenſe and ſpeci- 
fick, is expreſſed in parts of an Inch divided in- 
to ten hundred thouſand equal parts. 

f 148 4 MO 
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The thickneſs of colour d Plates and Particles of 
| ai n | £9 i» 1%; 
| r 


Ve black A r 
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Dog Beginning of AA Ac * 
Their Colours of the 93“ | | oh T7 Wit: 
n White 2 17 I; 
N 1 37 37 
Yellow 75 * FEE 
F pr had 8 [6-52 
* 9 1:4 5+. 
Violet 112 1 | 87 N 17 
| Blue 14 w 107 9 
Of the ſecond Order, / Green 157 11 91 
e Yellow 161 [inal 10 
Orange 1175 [13 | us 
Bright red | 18+ [133 114 
Scarlet 197 144. 1275 
Purple l 121 154 1 T8 
Stet Indigo ſez [16k 14 
; ue 237 1744 | 154 
| Yellow [27 [ot | 1941 
Red 129 424 | 185 
Bluiſh red 32 1124 207% 
Bluiſh green 34 275 22 
Green 137 | 265 | 2 
| or the fourth Order, Yellowiſh green] 36 25 221 
| Red 497 ) 3ob | 26 | 
| : N — 
Of the fifth Order, I Recrniſh blue vo 25 | 297 
Greeniſh blue | 584 | 44 7 
Of the ſixth Order, "or "ROY 55 | 482 4 3 
Of the ſeventh Or- Greeniſh blue | 1x | 532 | 45} 
der, .CRuddy white [77 I 574. 49; | 
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Now if this Table be compared with the 6th 
Scheme, you will there: ſee the conſtitution of 
each Colour, as to its Ingredients, or the ori- 
ginal Colours of which it is compounded, and 
thence be enabled to judge of its Intenſeneſs or: 
Imperfe&ion ; which may ſuffice in explication 
of the 4th and 18th Obſervations, unleſs it be 
farther deſired to delineate the manner how 
the Colours appear, when the two Object-glaſ- 
ſes are laid upon one another. To do which, 
let there be deſcribed a large Arc of a Circle, 
and a ſtreight Line which may touch that Arc, 
and parallel to that Tangent ſeveral occult 
Lines, at ſuch diſtances from it, as the Num- 
bers ſet againſt the ſeveral Colours in the Ta- 
ble denote. For the Arc, and its Tangent, will 
repreſent the Superficies of the Glaſſes termi- 
nating the interjacent Air; and the places where 
the occult Lines cut the Arc will ſhow at what 
diſtances from the center, or Point of contact, 
each Colour is reflectec. | 
There are alſo other Uſes of this Table: For 
by its aſſiſtance the thickneſs of the Bubble in 
the 19th Obſervation was determin'd by the Co- 
lours which it exhibited. And ſo the bigneſs of 
the parts of natural Bodies may be  conje- 
ctured by their Colours, as ſhall be hereafter 
ſhewn. Alſo, if two or more very thin Plates 
be laid one upon another, ſo as to compoſe one 
Plate equalling them all in thickneſs, the reſult- 
ing Colour may be hereby determin'd. For in- 
ſtance, Mr. Hook obſerved, as is mentioned in 
his Micrographia, that a faint yellow Plate of 
Miſſcovy Glaſs laid upon a blue one, conſtituted 
| a very 
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a very deep purple. The yellow of the firſt Or- 
pe a ry Anas and the bickneſs of the Plate 
exhibiting it, according to the Table 43, to 
which add q, the thickneſs exhibiting blue of 
the ſecond Order, and the Sum will be 1 33 

which is the thickneſs exhibiting the purple of 
the third Order. — N. 7211 

To explain, in the next place, the circum- 
ſtances of the 2d and 3d Obſervations; that is, 
how the Rings of the Colours may (by turning 
the Priſms about their common Axis the con- 
trary way to that expreſſed in thoſe Obſerva- 
tions) be converted into white and black Rings, 
and afterwards into Rings of Colours again, & 
Colours of each Ring lying now in an inverted 
order; it muſt be remember'd, that thoſe Rings 
of Colours are dilated by the obliquation of the 
Rays to the Air which intercedes the Glaſſes, 
and that according to the Table in the 7th Ob- 
ſervation, their Dilatation or Increaſe of their 
Diameter is moſt manifeſt and ſpeedy when 
they are obliqueſt. Now; the Rays of yellow 
being more refracted by the-firſ Superficies of 
the ſaid Air than thoſe of red, are thereby 
made more oblique to the ſecond Superficies, 
at which they are reflected to produce the co- 
lour'd Rings, and conſequently the yellow. Cir- 
cle in each Ring will be more dilated than the 
red; and the Exceſs of its Dilatation will be fo 
much the greater, by how much the greater is 
the obliquity of the Rays, until at laſt it be- 
come of equal extent with the red of the ſame 
Ring. And for the ſame reaſon the green, -blue 
and violet, will be alſo ſo much dilated. by. = 
| i 1 
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| ill greater obliquity of their Rays, as to be- 
come all very nearly of equal extent with the 
red, that is, equally diſtant from «he center of 
the Rings. And then all the Colours of the 
ſame Ring muſt be coincident, and by their 
mixture exhibit a white Ring. And che white 
Rings muſt have black and dark Rings between 
then, becauſe they do not ſpread and interfere 
with one another, as before. And for that rea- 
ſon alſo they muſt become diſtincter, and viſible 
to far greater numbers. But yet the violet be- 
ing obliqueſt will be ſomething more dilated, 
in proportion to its extent, than the other Co- 
lours, and ſo very apt to appear at the exterior 
Verges of the white. | 

Afterwards, by a greater obliquity of the 
Rays, the violet and blue become more ſenſibly 
dilated than the red and yellow, and ſo being 
farther removed from the center of the Rings, 
the Colours muſt emerge out of the white in an 
order contrary to that which they had before; 
the violet and blue at the exterior Limbs of 
each Ring, and the red and yellow at the in- 
terior. And the violet, by reaſon of the great- 
eſt obliquity of its Rays, being in proportion 
moſt of all expanded, will ſooneſt appear at 
the exterior Limb of each white Ring, and be- 
come more conſpicuous than the reſt. And the 
ſeveral Series of Colours belonging to the ſeve- 
ral Rings, will, by their unfolding and ſpread- 
ing, begin again to interfere, and thereby ren- 
der the Rings leſs diſtin&, and not viſible to ſo 
great numbers, 


Ct 


they are reflected, and have alſo the greateſt 
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If inſtead of the Priſms the ObjeQ-glaſſes be 
made uſe of, the Rings which they exhibit be- 
come not white and diſtinct by the obliquiry of 
the Eye, by reaſon that the Rays in their pala E 
through that Air which intercedes the Claſſes 
are very nearly parallel to thoſe Lines in which 
they were incident on the Glaſſes, and con- 
ſequently the Rays endued with ſeveral Colour 
are not inclined one more than another to that 
Air, as it happens in the Priſms. 
There is yet another circumſtance of theſe 
Experiments to be conſider d, and that is why 
the black and white Rings which when view'd 
at a diſtance appear diſtin, ſhould not only be- 
come confuſed by viewing them near at hand, 
bur alſo yield a violet Colour at both the edges 
of every white Ring. And the reaſon is, chat 
the Rays which enter the Eye at ſeveral parts 


of the Pupil, have ſeveral Obliquities to the Glaſ- 


ſes, and thoſe which are moſt oblique, if conſi- 
der'd apart, would repreſent the Rings bigger 
than thoſe which are the leaſt oblique. Whence 
the breadth of the Perimeter of every white 
Ring is expanded meme, the obliqueſt 
Rays, and inwards by the leaſt oblique. And 
this Expanſion is ſo much the greater by how 
much the greater is the difference of the Obli- 
quity ; that is, by how much the Pupil is wider, 
or the Eye nearer to the Glaſſes. And the 
breadth of the violet muſt be moſt expanded, 


becauſe the Rays apt to excite a Senſation of 


that Colour are moſt oblique ro a ſecond or 
farther Superficies of the thinn'd Air at which 


varia- 
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variation of Obliquity, which makes that Co- 
jour ſooneſt emerge out of the edges of the 
white. And as the breadth of every Ring is 
thus augmented, the dark Intervals muſt be di- 
miniſh'd, until the neighbouring Rings become 
continuous, and are blended, the exterior firſt, 
and then thoſe nearer the center; ſo that they 
can no longer be diſtinguiſh'd apart, but ſeem to 


cConſtitute an even and uniform whiteneſs. 


Among all the Obſervations there is none ac- 
companied with ſo odd circumſtances. as the 
rwenty-fourth. Of thoſe the principal are, that 
in thin Plates, which to the naked Eye ſeem of 
an even and uniform tranſparent whiteneſs, 
without any terminations of Shadows, the Re- 
fraction of a Priſm ſhould make Rings of Co- 
lours appear, whereas it uſually makes Objects 
appear colour'd only there where they are ter- 
minated with Shadows, or have parts unequal- 
ly luminous; and that ir ſhould make thoſe 
Rings exceedingly diſtin&t and white, although 
it uſually renders' Objects confuſed and colour- 
ed. The Cauſe of theſe things you will under- 
ſtand by conſidering, that all the Rings of Co- 
lours are really 'in the Plate, when view'd with 
the naked Eye, although by reaſon of the great 
breadth of their Circumferences they ſo much 
interfere and are blended together, that they 
ſeem to conſtitute an uniform whiteneſs. But 
when the Rays paſs through the Priſm to the 
Eye, the Orbits of the ſeveral Colours in every 


Ring are refracted, ſome more than others, ac- 


cording to their degrees of Refrangibility: By 
which means the Colours on one ſide of the 
1 Ve Ring 
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Ring (that is. in the circumference on one fide of 
its center,) become more unfolded and dilated, 
and thoſe on the other ſide more complicated and 
contracted. And where by a due Refraction they 
are ſo much contracted, that the ſeveral Rings 
become narrower than to interfere with one ano- 


ther, they muſt appear diſtinct, and alſo white, 


if the conſtituent Colours be ſo much contracted 
as to be wholly coincident. But on the other 
ſide, where the Orbit of every Ring is made 
broader by the farther unfolding of its Colours, 
it muſt interfere more with other Rings than be- 
fore, and ſo become leſs diſtinct. | b 
To explain this a little farther, ſuppoſe the 
concentrick Circles A V, and BX, [in Fig. 7. 
repreſent the red and violet of any Order, 
which, together with the intermediate Colours, 
conſtitute any one of theſe Rings. Now theſe 
being view'd through a Priſm, the violet Circle 
B X, will, by a greater Refraction, be farther 
tranſlated from its place than the red A V, and 
ſo approach nearer to it on that fide of the Cir- 
cles, towards which the Refractions are made. 
For inſtance; if the red be tranſlated to à v, 
the violet may be tranſlated to 5 x, ſo as to ap- 
proach nearer to it at æ than before; and if 0 
red be farther. tranſlated to a v, the violet may 
be ſo much farther, tranſlated to b x as to con- 
vene with it at x; and if the red be yet farther 


tranſlated to @ T, the violet may be ſtill ſo much 


farther tranſlated to g F as to paſs beyond it at 
E, and convene, with it at e and . And this 
being underſtood not only of the red and vio- 


let, but of all the other intermediate Colours, 


and 
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and alſo of every revolution of thoſe Colours, 
you will eaſily perceive how thoſe of the fame 
revolution or order, by their nearneſs at æ v 
and TF, and their coincidence at x, e and /, 
ought to conſtitute pretty diſtin Arcs of Cir- 
cles, eſpecially at x v, or at e and /; and that 
they will appear ſeverally at x v, and at x V ex- 
hibit whiteneſs by their coincidence, and again 
appear ſeveral at I F, but yet in a contrary or- 
der to that which they had before, and ſtill re- 
tain beyond e and 7. But on the other fide, 
at ab, ab, or a g, theſe Colours muſt become 
much more confuſed by being dilated and ſpread 


. fo as to interfere with thoſe of other Orders. 


And the ſame confuſion will happen at TF be- 
tween e and f, if the Refraction be very great, 
or the Priſm very diſtant from the Object-glaſ- 


ſes: In which caſe no parts of the Rings will 


be ſeen, fave only two little Arcs at e and 7, 
whoſe diſtance from one another will be aug- 
mented by removing the Priſm till farther from 
the Object-glaſſes: And theſe little Arcs muſt 
be diſtincteſt and whiteſt at their middle, and 
at their ends, where they begin to grow con- 
fuſed, they muſt be colour'd. © And the Colours 
at one end of every Arc muſt be in a contrary 
order to thoſe at the other end, by reaſon that 
they croſs in the intermediate white ; namely, 
their ends, which verge towards T F, will be 
red and yellow on that fide next the center, 
and blue and violet on the other fide. Bur 
their other ends which verge from J E, will on 
the contrary be blue and violet on that fide to- 
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wards the center, and on the other ſide red and 


yellow. ' 
Now as all theſe things follow from the pro- 
perties of Light by a mathematical way of rea- 
ſoning, ſo the truth of them may be manifeſted 
by Experiments, For in a dark Room, by view- 
ing. theſe Rings through a Priſm, by reflexion 
of the ſeveral priſmatick Colours, which an 
aſſiſtant cauſes to move to and fro upon a Wall 
or Paper from whence they are reflected, whilſt 


the Spectator's Eye, the Priſm, and the Object- 


glaſſes, (as in the 13th Obſervation,) are placed 
ſteady ; the Poſition of the Circles made ſuc- 
ceſſively by the ſeveral Colours, will be found 
ſuch, in reſpe& of one another, as I have de- 
{ſcribed in the Figures abxv, or abxv, or 
@/ZY. And by the ſame method the truth of 
the Explications of other Obſervations may be 
examined. 

By what hath been ſaid, the like Phænomena 
of Water and thin Plates of Glaſs may be un- 
derſtood. But in ſmall fragments of thoſe Plates 
there is this farther obſervable, that where they 
lie flat upon a Table, and are turned about their 
centers whilſt they are view'd through a Priſm, 
they will in ſome poſtures exhibit Waves of va- 
rious Colours; and ſome of them exhibit theſe 
Waves in one or two Poſitions only, but the 
moſt of them do in all Poſitions exhibit them, 


and make them for the moſt part appear al- 


* - 


moſt all over the Plates. The reaſon is, that 


the Superficies of ſuch Plates are not even, but 


ve many Cavities and Swellings, which, how 
ſhallow ſoever, do a little vary the thickneſs oe 
| | 6 


* 
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the Plate. For at the ſeveral ſides of thoſe Ca- 
vities, for the Reaſons newly deſcribed, there 
ought to be 8 Waves in ſeveral po- 


ſtures of the Priſm. Now though it be but 
ſome very ſmall and narrower parts of the Glaſs, 
by · vhich theſe Waves for the moſt part are cau- 
ſed, yet they may ſeem to extend themſelves 
over the whole Glaſs, becauſe from the narrow- 
eſt of thoſe parts there are Colours of ſeveral 
Orders, that is, of ſeveral Rings, confuſedly re- 
fleted, which by Refraction of the Priſm are 
| unfolded, ſeparated, and, according to their 
degrees of Refraction, diſperſed to ſeveral pla- 
ces, ſo as to conſtitute ſo many ſeveral Waves, 
as there were divers orders of Colours promiſcu- 
ouſly reflected from that part of the Glaſs. 
Theſe are the principal Phenomena of thin 
Plates or Bubbles, whoſe *Explications depend 
on the properties of Light, which I have here- 
tofore deliver'd. And theſe you ſee do neceſ- 
ſarily follow from them, and agree with them, 
even to their very leaſt circumſtances; and not 
only ſo, but do very much tend to their proof. 
Thus, by the 24th Obſervation it appears, that 
the Rays of ſeveral Colours, made as well by thin 
Plates or Bubbles, as by Refractions of a Priſm, - 
have ſeveral degrees of Refrangibility; where- 
by. thoſe of each order, which at the reflexion 
from the Plate or Bubble are intermix'd with 
thoſe of other orders, are ſeparated from them 
by Refraction, and aſſociated together ſo as to 
become viſible by themſelves like Arcs of Cir- 
cles. For if the Rays were all alike refrangi- 
ble, tis impoſſible _ the whiteneſs, which 
| P 4 to - 
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to the naked Senſe appears uniform, ſhould by 
Refraction have its parts tranſpoſed and ranged 
into thoſe black and white Arcs, 

It appears alſo that the unequal Refractions 
of difform Rays proceed not from any contin- 


gent irregularities; ſuch as are Veins, an uneven 


Poliſh, or fortuitous Poſition of the Pores of 
Glaſs; unequal and caſual Motions in the Air 
or AÆther, the ſpreading, breaking, or dividing 
the ſame Ray i into many diverging parts ; or the 
like. For, admitting any ſuch irregularities, 
it would be impoſſible for Refractions to render 
thoſe Rings ſo very diſtin, and well defined, 

as they do in the 24th Obſervation. It is ne- 
ceſſary therefore that every Ray have its proper 
and conſtant degree of Refrangibility connate 
with it, according to which- its refraction is ever 
juſtly and regularly perform'd; and that ſeveral 
Rays have ſeveral of thoſe degrees. 

And what is ſaid of their Refrangibility may 
be alſo underſtood of their Reflexibility, that is, 
of their Diſpoſitions to be reflected, ſome at a 
greater, wa, others at a leſs thickneſs of thin 

Plates or Bubbles; namely, that thoſe Diſpoſi- 
tions are alſo connate with the Rays, and im- 


- mutable ; as may appear by the 13th, 14th, and 


15th Obſervations, conipared with the fourth and 
eighteenth. 

By the precedent Obſervations it appears al- 
ſo, that whiteneſs is a diſſimilar mixture of all 
Colours, and that Light is a mixture of Rays 
endued with all thoſe Colours. For, conſider- 
ing the multitude of the Rings of Colours in 
the 3d, 12th, and 24th Obſervations, agg 

c 
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Feſt, that although in the 4th and 18th Obſer- 


vations there appear no more than eight or 
nine of thoſe Rings, yet there are really a far 
greater number, which ſo much interfere and 
mingle with one another, as after thoſe eight 
or nine revolutions to dilute one another whol- 


| ly, and conſtitute an even and ſenſibly uniform 


whiteneſs. And conſequently that whiteneſs 
mult be allow'd a mixture of all Colours, and 
the Light which conveys it to the Eye muſt. 
be a mixture of Rays endued with all thoſe Co- 


0 


loours. . 


But farther; by the 24th Obſervation it ap- 
pears, that there is a conſtant relation between 
Colours and Refrangibility; the moſt refrangi- 
ble Rays being violet, the leaſt refrangible red, 
and thoſe of intermediate Colours having pro- 


| gages | intermediate degrees of Refrangibi- 


ity. And by the 13th, 14th, and 15th Obſer- 
vations, compared with the 4th or. 18th, there 
appears to be the . ſame conſtant relation be- 
tween Colour and Reflexibility ; the violet be- 
ing in like circumſtances reflected at leaſt thick- 


neſſes of any thin Plate or Bubble, the red at 


greateſt thickneſſes, and the intermediate Co- 
lours at intermediate thickneſſes. Whence it 
follows, that the colorifick Diſpoſitions of Rays 


are alſo connate with them, and immutable; and 


by conſequence, that all the Productions and 
Appearances of Colours in the World are de- 
rived, not from any phyſical Change cauſed in 
Light by Refraction or Reflexion, but only 
from the various Mixtures or Separations of 
Rays, by virtue of their different Refrangibility 

„ or 
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or Reflexibility. And in this reſpect the Science 
of Colours becomes a Speculation as truly ma- 
thematical as any other part of Opticks. I mean, 
ſo far as they de — on the — of Light, 
and are not an or alter d by the Power 
of Imagination, or by ſtriking or preſſing the 


Eye. 
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Of the permanent Colours of natural Bo- 
dies, and the Analogy between them and 
the Colours of thin tranſparent Plates. 


SF AM now come to another part of 
2 18 this Deſign, which is to conſider how | 

| © 2 . the Phænomena of thin tranſparent 
Plates ſtand related to thoſe of all o- 
ther natural Bodies. Of theſe Bodies J have al- 


ready told you that they appear of divers Co- 
| | BED lours, 


A 
1 
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lours, accordingly as they are diſpoſed to reflect 
moſt copiouſly the Rays originally endued with 
thoſe Colours. But their Conſtitutions, where- 
by they reflect ſome Rays more copiouſly than 
others, remain to be diſcover'd; and theſe I ſhall 
3 to manifeſt in the following Propo- 

tions. | 


P R O P. I. 


Toe Superficies of tranſparent Bodies "om the 
- greateſt quantity of Light, which have the great- 
eſt refracting Power; that is, which intercede 
Mediums that differ moſt in their refractive Den- 
fittes. And in the Confines of equally refracting 

Mediums there is no Reflexion. 


H E Analogy between Reflexion and Re- 

5 fraction will appear by conſidering, that 
when Light paſſeth obliquely out of one Medi- 
um into another which refracts from the per- 
pendicular, the greater is the difference of their 
refractive Denſity, the leſs Obliquity of Inci- 
dence is requiſite to cauſe a total Reflexion. 
For as the Sines are which meaſure the Refra- 
ction, ſo is the Sine of Incidence at which the 
total Reflexion begins, to the Radius of the 
Circle; and conſequently that Angle of Inci- 
dence is leaſt where there is the greateſt diffe- 
rence of the Sines. Thus in the paſſing of 
Light out of Water into Air, where the Refra- 
ction is meaſured by the Ratio of the Sines 3 to 
4, the total Reflexion begins when the Angle 
of Incidence is about 48 Degrees 35 Ro 
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In paſſing out of Glaſs into Air, where the Re- 
fraction is meaſured by the Ratio of the Sines 
20 to 31, the total Reflexion begins When the 
Angle of Incidence is 40 Degrees 10 Minutes 3. 
and ſo in paſſing out of Cryſtal, or more ſtrong- 
ly refracting Mediums into Air, there is ſtill a leſs 
obliquity requiſite to cauſe a total reflexion. 
Superficies therefore which reftact moſt do 
ſooneſt reflect all the Light which is incident 
on them, and ſo muſt be allowed moſt ſtrongly. 
reflexive. 101 251 24 ies were. con 4 
But the truth of this Propoſition will farther | 

appear by. obſerving, that in the Superficies in- 
rerceding two tranſparent Mediums, (ſuch as are 
Air, Water, Oil, common Glaſs, Cryſtal, me- 
talline Glaſſes, Iſland Glaſſes, white tranſparent. 
Arſenick, Diamonds, Sc.) the Reflexion is 
ſtronger or weaker accordingly, as the Super- 
ficies hath a greater or leſs refracting Power.“ 
For in the Confine of Air and Sal-gem tis 
ſtronger than in the Confine of Air and Water, 
and ſtil] ſtronger in the Confine of Air and com- 
mon Glaſs or Cryſtal, and ſtronger in the Con- 
fine of Air and a Diamond. If any of theſe, 
and ſuch like tranſparent Solids, be immerged 
in Water, its Reflexion becomes much weak- - 
er than before; and {till weaker if they be im- 
merged in the more ſtrongly refracting Liquors | 
of well rectified Oil of Vitriol or Spirit of Tur- 
pentine, If Water be diſtinguiſh'd into two 
parts by any imaginary, Surface, the Reflexion 
in the Confine of thoſe two parts is. none at all. 
In the Confine of Water and Ice tis very little; 
in chat of Water and Oil tis ſomething greater; 


In 
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in that of Water and Sal-gem ſtill greater; and 


' in that of Water and Glaſs, or Cryſtal, or other 
"denſer Subſtances ſtill greater, accordingly as 


thoſe Mediums differ more or leſs in their re- 


fracting Powers. Hence in the Confine of com- 
mon Glaſs and Cryſtal, there ought to be a 
weak Reflexion, and a ſtronger Reflexion in 
the Confine of common and metalline Glaſs; 
though I have not yer tried this. But in the 
Confine of two Glaſſes of equal denſity, there 
is not any ſenſible Reflexion; as was ſhewn in 
the firſt Obſervation. And the ſame may be 
underſtood of the Superficies interceding two 
_ Cryſtals, or two Liquors, or any other Sub- 
ſtances in which no Refraction is cauſed. So 
then the reaſon why uniform pellucid Mediums 
(fuch as Water, Glaſs, or Cryſtal,) have no ſen- 
fible Reflexion but in their external Superficies, 
where they are adjacent to other Mediums of 
a different denſity, is becauſe all their conti- 
guous parts have one and the ſame degree of 


P R oO p. II. 


The leaft parts of almoſt all natural Bodies are 
in ſome meaſure tranſparent : And the® Opa- 
city of thoſe Bodies ariſeth from the multi- 
_ of Reflexions cauſed in their internal 
F 


HAT chis is ſo has been obſerved by o- 
ters, and will eaſily be granted by them 
that have been converſant with 3 
And it may be alſo tried by applying 3 
nce 
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ſtance to a hole through which ſome Light is 
immitted into a dark Room. For how opake 
ſoever that Subſtance may ſeem in the open 
Air, it will by that means appear very manifeſt- 
ly tranſparent, if it be of a ſufficient thinneſs. 
Only wh metalline Bodies muſt be excepted, - 
which by reaſon of their exceſſive denſity — 
to reflect almoſt all the Light incident on their 
firſt Superficies; unleſs by ſolution in Menſtru- 
ums they be reduced into very ſmall Particles, 
and then they become tranſparent. 


„Proe. 


Hein the parts of opake and colour'd Bodies 
are many Spaces, either empty, or replemſl/ 4 
with Mediums of other Denfities; as Water 
between the tinging Corpuſcles wherewith as 
ny Liquor is impregnated, Air between the 
aqueous Globules that conſtitute Clouds or Mifs; 
and for the moſt part Spaces void of both Air 
and Water, but yet perhaps not wholly void of 
all Subſtance, Pavel the parts of hard Bo- 


dies. 


HE truth of this is evinced. by the two 
precedent Propofitions : For the ſe- 
_ 4. ſition there are many Reflexions 
1 e internal parts of Bodies, which, by 
Propoſition, would not happen if the 

— of thoſe Bodies were continued without 
any ſuch Interſtices between them; becauſe Re- 
flexions are cauſed only in Superficies, which 


intercede Mediums of a differing denſity, by 
Prop. 1. 


3 | | But 
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But farther, that this diſcontinuity of parts 
is the principal Cauſe of the opacity of Bodies, 
will appear by conſidering, that opake Subſtan- 
ces become tranſparent by filling their Pores 
with any-Subſtance of equal or almoſt equal den- 
ſity with their parts. Thus Paper dipped in 
Water or Oil, the Oculus Mundi Stone ſteep'd 
in Water, Linnen Cloth oiled or varniſh'd, and 
many other *Subſtances ſoaked in ſuch Liquors 
as will intimately pervade their little Pores, be- 
come by that means more tranſparent than other- 
wiſe; '4 on the contrary, the moſt tranſparent 
Subſtances may, by evacuating their Pores, or 
ſeparating their parts, be render'd ſufficiently; o- 
pake; as Salts or wet Paper, or the Oculus Mun- 
di Stone by being dried, Horn by being ſcraped, 
Glaſs by being reduced to Powder, or otherwiſe 
flawed; Turpentine by being ſtirred about with 
Water till they mix imperfectly, and Water by 
being form'd into many ſmall Bubbles, either a- 
lone in the form of Froth, or by ſhaking it to- 
gether with Oil of Turpentine, or Oil Olive, or 
with ſome other convenient Liquor, with which 
it will not perfectly incorporate. And to the in- 
creaſe of the opacity of theſe Bodies, it condu- 
ces ſomething, that by the 23d Obſeryation the 
Reflexions of very thin tranſparent Subſtances are 
conſiderably ſtronger than thoſe made by the 
ſame Subſtances of a greater thickneſs. 


PRO p, 


4 
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P R O r. IV. 


The Parts of Bodies and their Interftices muft not 
be leſs than of ſome de ne bigneſs, to render 
them opake and colour d. 


F OR the © pakeſt Bodies, if their parts 10 
ſubtilly divided, (as Metals, by being diſſol- 
ved in acid Menſtruums, Sc.) become perfect- 
ly tranſparent. And you may alſo remember, 
that in the eighth Obſervation there was no 


| ſenſible reflexion at the Superficies of che Ob- 


ject-glaſſes, where they were very near one an- 
other, though they did not abſolutely touch. 
And in the 17th Obſervation the Reflexion of 


the Water -· bubble where it became thinneſt was 


almoſt inſenſible, fo as to cauſe very black Spots 
to appear on the top of the Bubble, by the want 
of reflected Light. 

On theſe grounds I perceive it is that Water, 
Salt, Glaſs, Stones, and ſuch like Subſtances, 
are tranſparent. For, upon divers Confidera- 
tions, they ſeem to be as full of Pores or Inter- 
ae between their parts as other Bodies are, 

yet their Parts and Interſtices to be too 
ial to cauſe Reflexions in their common Sur- 
aces, 


Q_ PROP. 


Theads or Fragments ſhould not conſtitute a 
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PR o f. V. 


The tranſparent parts of Bodies, according to their 
ſeveral ſizes, reflett Rays of one Colour, and 
tranſmit 900 of another, on the ſame grounds 
that thin Plates or Bubbles do reflect or tranſmit 
thoſe Rays, And this I take to be the ground of 
all their Colours. 


OR if a thinn'd or plated Body, which 
being of an even thickneſs, appears all o- 
ver of one uniform Colour, ſhould be flirt into 
Threads, or broken into Fragments, of the ſame 
thickneſs with the Plate; I ſee no reaſon why 
every Thread or Fragment ſhould not keep its 
Colour, and by conſequence why a heap of thoſe 


Maſs or Powder of the ſame Colour, which the 
Plate exhibited before it was broken. And the 
2 of all natural Bodies being like ſo 1 
ragments of a Plate, muſt on the ſame grounds 

exhibit the ſame Colours. | 
Nov, that they do ſo will appear by the aſfi- 
nity of their Properties. The finely colour'd 
Feathers of ſome Birds, and particularly thoſe 
of Peacocks Tails, do, in the very ſame part-of 
the Feather, appear of ſeveral Colours in ſeveral 
Poſitions of the Eye, after the very ſame man- 
ner that thin Plates were found to do in the 
th and 19th Obſervations, and therefore their 
Colours ariſe from the thinneſs of the tranſpa- 
rent parts of the Feathers; that is, from the 
flenderneſs of the very fine Hairs, or Cans: 
menta, which grow out of the ſides of the 
| groſſer 
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groſſer lateral Branches or Fibres of thoſe Fea- 
thers. And to the ſame purpoſe it is, that the 
Webs of ſome Spiders, by being ſpun very fine, 
have appeared colour'd, as ſome have obſerv'd, 
and that the colour'd Fibres of ſome Silks, by 
varying the Pofition of the Eye, do vary their 
Colour. Alſo the Colours of Silks, Cloths, 
and other Subſtances, which Water or Oil can 
intimately penetrate, become more faint and 
obſcure by being immerged in thoſe Liquors, 
and recover their Vigor again by being dried; 
much after the manner declared of thin Bodies 
in the roth and 2 1ſt Obſervations. Leaf-Gold, 
ſome ſorts of painted Glaſs, the Infuſion of 
Lignum Nephriticum, and ſome other Subſtan- 
ces, reflect one Colour, and tranſmit another; 
like thin Bodies in the gth and 2oth Obſerva- 
tions. And ſome of thoſe colour'd Powders 
which Painters uſe, may have their Colours a 
little changed, by being very elaborately and 
finely ground. Where I ſee not what can be 
juſtly pretended for thoſe changes, beſides the 
breaking of their parts into leſs parts by that 
contrition, after the ſame manner that the Co- 
lour of a thin Plate is changed by varying its 
thickneſs. For which reaſon alſo it is that the 
colour'd Flowers of Plants and Vegetables, by 
being bruiſed, uſually become more tranſparent 
than before, or at leaſt in ſome degree or o- 
ther change their Colours. Nor is it much leſs 
to my purpoſe, that, by mixing divers Liquors, 
very odd and remarkable Productions and 
Changes of Colours may be effected, of which 
no cauſe can be more obvious and rational than 


Qz chat 
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that the ſaline Corpuſcles of one Liquor do vari- 
ouſly act upon or unite with the tinging Corpuſcles 
of another, ſo as to make them ſwell, or ſhrink, 
(whereby ngt only their bulk: but their denſity 
alſo may be changed,) or to divide, them inta 
ſmaller Corpuſcles, (whereby. a. colour'd Liquor 


may become tranſparent,) or to make many 
them aſſociate into one cluſter, whereby. two 
tranſparent Liquors may compoſe a colour d one. 
For we ſee how apt thoſe ſaline Menſtruums ane 
to ponetrate and diſſolve Subſtances to which 

they are applied, and ſome of them to precipi- 
tate what others diſſolve. In like manner, if we 
canſider the various Phænomena of the Atmos 
ſphere, we may obſerve, that when Vapours are 
firſt raiſed, they hinder not the tranſparency of 
the Air, being divided into parts too ſmall ta 
cauſe. any Reflexion in their Superficies. But 
when in order to compoſe drops of Rain the 
begin. to coaleſce and conſtitute Globules of all 
intermediate ſizes, thoſe Globules, when they 
become of a convenient ſize to reflect ſome Co- 
lours and tranſmit others, may conſtitute Clouds 
of various Colours according to their fizes. And 
I ſee not what can be ratianally conceived. in ſq 
tranſparent a Subſtance as Water for the produ- 
ction of theſe Colours, beſides the various ſizes 
of its fluid and globular Parcels, | 


PRO 


* 


BOOK u. 2239 


| 
\ 


P R O p. VI. 


The parts of Bodies on which their Colpurs depend, 
are denſer than the Medium which pervades 
| their Interftices. 


T HIS will appear by conſidering, that the 
Colour of a Body depends not only on 
the Rays which are * perpendicularly 
on its put on thoſe alſo which are inci» 
dent at all other Angles. And that according 
to the 7th Obfervation, a very little variation 
of equi will change the reflected Colour, 
where thin Body or ſmall Particle is rarer 
than the ambient Mcdium, inſomuch that ſuch 

a {ſmall Particle will at diverfly oblique Inci- 
— reflect all ſorts of Colours, in ſo great a 
variety that the Colour reſulting from them all, 
confuſedly reflected from a heap of ſuch Parti- 
cles, muſt rather be a white or grey than any 
other Colour, or at beſt it muſt be but a very 
imperfect and dirty Colour, Whereas if the 
thin Body or ſmall Particle be much denfer than 
the ambient Medium, the Colours, according to 
the 19th Obſervation, are fo little changed 
the variation of obliquity, that the Rays w 
are reflected leaſt obliquely may pred@ninate 
over the reſt, ſo much as to cauſe.a heap of ſuch 
ogy to appear very intenſely of their Co- 
our, 

Ir conduces alſo ſomething to the confirmas 
tion of this Propofition, that, according to the 
22d Obſervation, the Colours exhibited by the 

denſer thin Body within the rarer, are more 


Q 3 brisk 
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brisk than thoſe exhibired by the rarer within the 


denſer. 


| PRO f. VII. 
The bigneſt of the component parts of natural Bo- 
dies may be conjectured by their Colours. 


\ 


OR ſince the parts of theſe. Bodies, by 

Prop. 5. do moſt probably exhibit the 
ſame Colours with a Plate of equal thickneſs, 
provided they have the ſame refractive denſity; 
and ſince their parts ſeem for the moſt part to 
have much the ſame denſity with Water or 
Glaſs, as by many circumſtances is obvious to 
collect; to determine the ſizes of thoſe parts, 
you. need only have recourſe to the precedent 
Tables, in which the thickneſs of Water or 
Glaſs exhibiting any Colour is expreſſed. Thus 
if it be defired to know the diameter of a Cor- 
puſcle, which being of equal denſity with Glaſs 
ſhall reflect green of the third Order; the Num- 


ber 16; ſhews it to be 185 parts of an Inch. 


The greateſt difficulty is here to know of 
what Order the Colour of any Body is. And 
for this end we muſt have recourſe to the 4th 
and th Obſervations; from whence may be 
collected theſe particulars. 

Scarlets, and other reds, oranges, and yel- 
Iows, if they be pure and intenſe, are moſt pro- 
bably of the ſecond order. Thoſe of the firſt 
and third order alſo may be pretty good; only 

the yellow of the firſt order is faint, and the 
t . 2 orange 
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orange and red of the third Order have a great 
Mixture of violet and blue. 

There may be good Greens of the fourth Order, 
but the pureſt are of the third. And of this 
Order the green of all Vegetables ſeems to be, 
partly by reaſon of the Intenſeneſs of their Co- 
lours, and partly becauſe when they wither ſome 
of them turn to a greeniſh yellow, and others 
to a more perfect yellow or orange, or perhaps 
to red, paſling firſt through all the aforeſaid in- 
rermediate Colours. Which Changes ſeem to 
be effected by the exhaling of the Moiſture 
which may leave the tinging Corpuſcles more 
denſe, and ſomething augmented by the Accre- 
tion of the oily and earthy Part of that Moiſture, 
Now the green, without doubt, is of the ſame 
Order with thoſe Colours into which it changeth, 
becauſe the Changes are gradual, and thoſe Co- 
| lours, though uſually not very full, yet are 
often too full and lively co be of the fourth 
Order. | 

Blues and Purples may be either of the ſe- 
cond or third Order, but the beſt are of the 
third. Thus the Colour of Violets ſeems to be 
of that Order, becauſe their Syrup by acid Li- 
quors turns red, and by urinous and alcalizate 
turns green. For ſince it is of the Nature of 
Acids to diſſolve or attenuate, and of Alcalies 
to precipitate or incraſſate, if the Purple Co- 
lour of the Syrup was of the ſecond Order, an 
acid Liquor by attenuating its tinging Cor- 
puſcles would change it to a red of the firſt Or- 
der, and an Alcali by incraſſating them would 
change it to a green of the ſecond Order; 
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which red and green, eſpecially the green, ſeen 

too imperfect to be the Colours produced by 

theſe Changes. But if the {aid Purple be fu 

2 of the third Order, its Change to red of = 
econd, and green of the third, may without any 

Inconvenience be allow'd, 

If there be found any Body of a deeper and leſs 
reddiſh Purple than that of the Violets, its Colour 
moſt probably is of the ſecond Order. But yet 
there being no Body commonly known whoſe Co- 
lour is conſtantly more deep than theirs, I have 
made uſe of their Name to denote the deepeſt and 
leaſt reddiſh Purples, ſuch as manifeſtly tranſcend 
their Colour in purity. | 

The blue of the firſt Order, though very faint 
and little, may poſſibly be the Colour of ſome 
Subſtances; and particularly the azure Colour 
of the Skies ſeems to be of this Order, For all 
Vapours when they begin to condenſe and ca- 


leſce into ſmall Parcels, become firſt of that Big- 


neſs, whereby ſuch an Azure muſt be reflected be- 
fore they can conſtitute Clouds of other Colours. 
And ſo this being the firſt Colour which Vapour 
begin to reflect, it ought to be che Colour of the 
fineſt and moſt tranſparent Skies, in which Va- 
pours are not arrived to that Groſſneſs requiſite to 
reflect other Colours, as we find it is by Expe- 
rience. | | 
Whiteneſs, if moſt intenſe and luminous, ig 
that of the firſt Order, if leſs ſtrong and ljumi- 
nous, a Mixture of the Colours of ſeveral Or- 
ders. Of this laſt kind is the Whiteneſs of 
Froth, Paper, Linnen, and moſt white Sub- 
ſtances; of the former I reckon that of white 
5 | Metals 
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Metals to be. For whilſt the denſeſt of Metals, 
Gold, if foliated, is tranſparent, and all Metals 
become tranſparent if diſſolved in Menſtruums 
or vitrified, the Opacity of white Metals ari- 
ſeth not from their Denſity alone. They be- 
ing leſs denſe than Gold would be more, tranſ- 
parent than it, did not ſome other Cauſe con- 
cur with their Denſity to make them opake. 
And this Cauſe I take to be fuch a Bigneſs of 
their Particles as fits them to refle& the white of 
the firſt order. For, if they be of other Thick- 
neſſes they may reflect other Colours, as is ma- 
nifeſt by the Colours which appear upon hot 
Steel in tempering it, and ſometimes upon rhe 
Surface of melted Metals in the Skin or Scoria 
which ariſes upon them in their cooling. And 
as the white of the firſt order is the 1trongeſt 
which can be made by Plates of tranſparent 
Subſtances, ſo it ought to be ſtronger in the 
denſer Subſtances of Metals than in the rarer 
of Air, Water, and Glaſs. Nor do I ſee but 
that metallick Subſtances of ſuch a Thickneſs as 
may fit them to reflect the white of the firſt or- 
der, may, by reaſon of their great Denſity (ac- 
cording to the Tenor of the firſt of theſe Pro- 
poſitions) reflect all the Light incident upon 
them, and ſo be as opake and ſplendent as it's 
poſſible for any Body to be. Gold, or Copper 
mix'd with lefs than half their Weight of Silver, 
or Tin, or Regulus of Antimony, in fuſion, or 
amalgamed with a very little — become 
White; which ſhews both that the Particles of 

white Metals have much more Superficies, and 


ſo are ſmaller, than thoſe of Gold and Copper, 
and 
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and alſo that they are ſo opake as not to ſuffer 
the Particles of Gold or Copper to ſhine through 
them. Now it is ſcarce to be doubted, but 
that the Colours of Gold and Copper are of 
the ſecond or third order, and therefore the 
Particles of white Metals cannot be much big- 
ger than is requiſite to make them reflect the 
white of the firſt order. The Volatility of Mer- 
cury argues that they are not much bigger, 
nor may they be much leſs, leſt they loſe their 
Opacity, and become either tranſparent as they 
do when attenuated by Vitrification, or by Solu- 
tion in Menſtruums, or black as they do when 
ground ſmaller, by rubbing Silver, or Tin, or 
Lead, upon other Subſtances to draw black 
Lines. The firſt and only Colour which white 
Metals take by grinding their Particles ſmaller, 
is black, and therefore their white, ought to be 
that which borders upon the black Spot in the 
Center of the Rings of Colours, x is, the 
white of the firſt order. But, if you would 
hence gather the Bigneſs of metallick Particles, 
you muſt allow for their Denſity. For were 
Mercury tranſparent, its Denſity is ſuch that 
the Sine of Incidence upon it (by my Compu- 
tation) would be to the Sine of its Refraction, 
as 71 to 20, or 7 to 2. And therefore the Thick- 
neſs of its Particles, that they may exhibit the 
ſame Colours with thoſe of Bubbles of Water, 
ought to be leſs than the Thickneſs of the 
Skin of thoſe Bubbles in the Proportion of 2 
to 7. Whence it's poſſible, that the Particles 
of Mercury may be as little as the Particles of 
ſome 
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ſome tranſparent and volatile Fluids, and yet 
reflect the white of the firſt order. | 
Laſtly, for the John ction of black, the Cor- 
uſcles muſt be leſs than any of thoſe which ex- 
ibit Colours. For at all greater ſizes there is 
too much Light reflected to conſtitute this Co- 
lour. But if they be ſuppoſed a little leſs than 
is requiſite to reflect the white and very faint 
blue of the firſt order, they will, according to 
the 4th, 8th, 17th and 18th Obfervations, reflect 


ſo very little Light as to appear intenſly black, 


and yet may perhaps variouſly refract it to and 


fro within themſelves ſo long, until ic happen 


to be ſtifled and loſt, by which means they will 


appear black in all poſitions of the Eye without 
any tranſparency. And from hence may be under- 
ſtood why Fire, and the more ſubtile diſſolver Pu- 
trefaction, by diyiding the Particles of Subſtan- 
ces, turn them to black, why ſmall quantities 
of black Subſtances impart their Colour very 
freely and intenſly to other Subſtances to which 
they are applied; the minute Particles of theſe, 
by reaſon of their very great number, eaſily o- 
verſpreading the groſs Particles of others; why 
Glaſs ground very elaborately with Sand on a 
Copper Plate, till it be well poliſh'd, makes 
the Sand, together with what is worn off from 
the Glaſs and Copper, become very black: 
why black Subſtances do ſooneſt of all others 
become hot in the Sun's Light and burn, (which 
Effect may proceed partly from the multitude 
of Refractions in a little room, and partly from 
the caſy Commotion of ſo very ſmall Cor- 
puſcles;) and why blacks are uſually a little in- 
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clined to a bluiſh Colour. For that they are ſo 
may be ſeen by illuminating white Paper by 
Light reflected from black Subſtances. For the 
Paper will uſually appear of a bluiſh White; and 
the reaſon is, that black borders on the &ebſcure 
blue of the order deſcribed in the 18th Obſerva- 
tion, and therefore reflects more Rays of that Co- 
lour than of any other. 
In theſe Deſcriptions I have been the more 
particular, becauſe it is not impoſſible but chat 
Miſcroſgopes may at length be improved te the 
diſcovery of the Particles of Bodies on which 
their Colours depend, if they are not already in 
ſome meaſure arrived to that degree of per- 
fection. For if thoſe Inſtruments are or can be 
ſo far improved as with ſufficient diſtinctneſs 
to repreſent Objects five or fix hundred times 
bigger than at a Foot diftance they appear to 
our naked Eyes, I ſhould hope that we might 
be able to diſcover ſome of the greateſt of thoſe 
Corpuſcles. And by one that would magnify 
three or four thouſand times perhaps they might 
all be diſcover'd, but thoſe which produce 
blackneſs. In the mean while I ſee nothing ma- 
terial in this Diſcourſe that may rationally be 
doubted of, excepting this Poſition : That tran- 
ſparent Corpuſcles of the ſame thickneſs and 
denſity with a Plate, do exhibit the ſame Co- 
lour. And this I would have underſtood not 
without ſome Latitude, as well becauſe thoſe 
Corpuſcles may be of irregular Figures, and 
many Rays muſt be obliquely incident on them, 
and ſo have a ſhorter way through them than 
the length of their Diameters, as becauſe the 
| | ſtraitneis 
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ſtraitneſs of the Medium put in on all ſides 
within ſuch Corpuſcles may a little alter its Mo- 
tions or other qualities on which the Reflexion 
depends. But be: I cannot much ſuſpect the 
laſt, becauſe I have obſerved of ſome ſmall 
Plates of Muſcovy Glaſs which were of an even 
thickneſs, that through a Microſcope they have 
appeared of the ſame Colour at their edges and 

corners where the included Medium was ter- 
minated, which they appeared of in other pla- 
ces. However it will add much to our Satiſ- 
faction, if thoſe Corpuſcles can be diſcoverd 
with Microſcopes ; which if we fhall at length 
attain to, I fear it will be the utmoſt improve- 
ment of this Senſe, For it ſeems impoſſible to 
ſce the more ſecret and noble Works, of Nature 
within the Corpuſcles by reafon of their tranſpa- 
rency. | 


PRO. VIII. 
The Cauſe' of Reflexion is not the impinging of 
 Lipbt on the ſolid or 1mpervious parts of Bodies, 
as is. commonly believed. 2 


T HIS will appear by the following Conſi- 
= derations. Firſt, That in the paſſage of 
Light out of Glaſs into Air there is a Reflexion 
as ſtrong. as in its paſſage out of Air into Glaſs, 
or rather a little ſtronger, and by many degrees 
ſtronger than in its paſſage out of Glaſs into Wa- 
ter. And it ſeems not probable that Air ſhould 
have more ftrongly reflecting parts than Water 
or Glaſs. But if ho ſhould poſſibly be ſuppo- 
ſed, yet it will ayail noching; for the Reflexion 
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is as ſtrong or ſtronger. when the Air is drawn, 
away from the Glaſs, (ſuppoſe by the Air-Pump 
invented by Otto Gueriet, and improved and made 


uſeful by Mr. Boyle) as when it is adjacent to it. 
Secondly, If Light in its paſſage out of Glaſs 


into Air be incident more obliquely than at an 
Angle of 40 or 41 Degrees it is wholly reflected, 


if leſs obliquely it is in great meaſure tranſmit- 
ted. Now it is not to be imagined that Light at 
one degree of obliquity ſhould meet with Pores 
enough in the Air to tranſmit the greater part of 
it, and at another degree of obliquity ſhould 
meet with nothing but parts to reflect it wholly, 
eſpecially conſidering that in its paſſage out of 
Air into Glaſs, how oblique ſoever be its Inci- 
dence, it finds Pores enough in the Glaſs to tranſ- 
mit a great part of it. If any Man ſuppoſe that 
It is not reflected by the Air, but by the outmoſt 
ſuperficial parts of the Glaſs, there is ſtill the 
ſame difficulty: Befides, that ſuch a Suppoſition 
1s unintelligible, and will alſo appear to be falſe 
by applying Water behind ſome part of. the Glaſs 
inſtead of Air, For ſo in a convenient obliquity 
of the Rays, ſuppoſe of 45 or 46 Degrees, at 
which they are all reflected where the Air is adja- 
cent to the Glaſs, they ſhall be in great meaſure 
tranſmitted where the Water is adjacent to it; 
which argues, that their Reflexion or Tranſmiſſi- 
on depends on the conſtitution of the Air and 
Water behind the Glaſs, and not on the ſtriking 
of the Rays upon the parts of the Glaſs. Third- 
ly, If the Colours made by a Priſm placed at 
the entrance of a Beam of Light into a darken'd 
Room be ſucceſſiyely caſt on a ſecond Priſm 

| placed 
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placed at a greater diſtance from the former, 
in ſuch manner that they are all alike incident 
upon it, the ſecond Priſm may be ſo inclined to 
the incident Rays, that thoſe which are of a 
blue Colour ſhall be all reflected by it, and yet 
thoſe of a red Colour pretty copiouſly tranſmit- 
ted. Now if the Reflexion be cauſed by the 
parts of Air or Glaſs, I would ask, why at the 
ſame Obliquity of Incidence the blue ſhould 
wholly impinge on thoſe parts, ſo as to be all 
reflected, and yet the red find Pores enough 
to be in a great meaſure tranſmitred. Fourth- 
ly, Where two Glaſſes touch one another, there 
is no ſenſible Reflexion, as was declared in the 
firſt Obſervation; and yet I fee no reaſon why 
the Rays ſhould not impinge on the parts of 
Glaſs, as much when contiguous to other Glaſs 
as when contiguous to Air. Fifthly, When 
the top of a Water-Bubble (in the 17th Obſer- 
vation, ) by the continual ſubſiding and exha- 
ling of the Water grew very thin, there was 
ſuch a little and almoſt inſenſible quantity of 
Light reflected from ir, that it appeared in- 
tenſly black; whereas round about that black 
Spot, where the Water was thicker, the Refle- 
xion was ſo ſtrong as to make the Water ſeem 
very white. Nor is it only at the leaſt thick- 
neſs of thin Plates or Bubbles, that there is no 
manifeſt Reflexion, but at many other thick- 
neſſes continually greater and greater. For in 
the 15th Obſervation the Rays of the ſame Co- 
lour were by turns tranſmitted at one thickneſs, 
and reflected at another thickneſs, for an in- 
determinate number of Succeſſions. And yet 
I in 
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in the Superficies of the thinned Body, where 
it is of any one thickneſs, there are as many 
arts for the Rays to impinge on, as where. it 
is of any other thickneſs. Sixthly; If Reflexion 
were cauſed by the parts of reflecting Bodies, 
it would be impoſſible for thin Plates or Bub- 
bles, at one and the ſame place, to reflect the 
Rays of one Colour, and tranſmit thoſe of ano- 
ther, as they do according to the 13th and 15th 
Obſervations. For it is not to be imagined 
that at one place the Rays which, for inſtance, 
exhibit a blue Colour, ſhould have the fortune 
to daſh upon the parts, and thoſe which exhi- 
bit a red to hit upon the Pores of the Body; 
and then at another place, where the Body is 
either a little thicker, or a little tkinner, that 
on the contrary the blue ſhould hit upon its 
N and the red upon its parts. Laſtly, Were 
the Rays of Light reflected by impinging on 
the ſolid parts of Bodies, their Reflexions from 
poliſh'd Bodies could not be ſo regular as they 
are. For in poliſhing, Glaſs with Sand, Putty, or 
Tripoly, it. is not to be imagined that thoſe 
Subſtances can, by grating and fretting the Glaſs, 
bring all its leaſt — — an accurate Poliſh; 
ſo that all their Surfaces ſhall be truly plain or 
truly ſpherical, and look all the ſame way, ſo 
as together to compoſe one even Surface. The 
ſmaller the Particles of thoſe Subſtances are, 
the ſmaller will be the Scratches by which they 
continually, fret and wear away the Glaſs until 
it be poliſh'd; but be they never ſo ſmall they 
can wear away the Glaſs no otherwiſe than by 
grating and ſcratching it, and breaking the 
3 | Protu- 
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Protuberances; and therefore poliſh it no o- 
therwiſe than by bringing its roughneſs to a ve- 
ry fine Grain, ſo that the Scratches and Fret- 
tings of the Surface become too ſmall to be 
viſible. And therefore if Light were reflected 
by impinging upon the ſolid parts of the Glaſs, 
it would be ſcatter d as much by the moſt po- 
liſh'd Glaſs as by the, rougheſt. So then it re- 
mains a Problem, how Glaſs poliſh'd by fretting 
Subſtances can reflect Light ſo regularly as it 


does. And this Problem is ſcarce otherwiſe: to 


be ſolved, than by ſaying, that the Reflexion of 
a Ray is effected, not by a ſingle point of the 
electing Body, but by ſome power of the Bo- 
dy which is — diffuſed all over its Surface, 
and by which it cs upon the Ray without im- 
mediate Contact. For that the parts of Bodies 
do act upon Light at a _—_ ſhall be deer | 


hereafter. 


+ Now if Light be reflected, not by dining 
on the ſolid parts of Bodies, but by ſome other 
principle ; it's probable that as many of its Rays 
— rere 1 n the ſolid parts of Bodies are not 

ſtifled and Joſt in the Bodies. For 
— we muſt allow two ſorts of Refe- 
xions. Should all the Rays be reflected Which 
impinge on the internal parts of, clear Water or 
Cryſtal, thoſe, Subſtances would rather have a 
TOE Colour than a clear Tranſparency, To 


make Bodies look black, it's neceſſary that ma- 


ny Rays be ſtopp'd, rezined.. and loſt in them; 
and it ſeems not probable. that any Rays can be 
ſtopp'd and ſtifled in e 2 nat im 


inge on their res. o. 
r K 2 
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And hence we may underſtand that Bodies 
are much more rare and porous than is com- 
monly believed. Water is nineteen times light- 
er, and by conſequence nineteen times rarer 
than Gold; and Gold is ſo rare as very readily 
and without the leaſt oppoſition to tranſmit 'the 
magnetick Effluvia, and eaſily to admit Quick- 
filver into its Pores, and to let Water paſs 
through it. For a concave Sphere of Gold fil- 
ted with Water, and folder'd up, has, upon preſ- 
ſing the Sphere with great force, let the Water 
ſqueeze through it, and ſtand all over its out- 
ſide in multitudes of ſmall Drops, like Dew, 
without burſting or cracking the Body of the 
Gold, as I have been inform'd by an Eye-wit- 
neſs. From all which we may conclude, that 
Gold has more Pores than ſolid parts, ànd by 
conſequence that Water has abeve forty times 
more Pores than Parts. And he that ſhall find 
out an Hypotheſis, by which Water may be ſo 
rare, and yet not be capable of compreſſion by 
force, may doubtleſs by the ſame Hypotheſis 
make Gold, and Water, and all other Bodies, as 
much rarer as he pleaſes; ſo that Light may 
find a ready paſſage through tranſparent Sub- 
Rane 2 29,5 I e eee 
The Magnet acts upon Iron through all denſe 
Bodies not magnetick nor red hot, without a- 
ny diminution of its Virtue; as for inſtance, 
through Gold, Silver, Lead, Glaſs, Water!“ 

e gravitating Power of the Sun is tranſmit- 
ted through the vaſt Bodies of the Planets with- 
out any diminution, ſo as to act upon all their 
parts to their very centers with the ſame F pier 
Df: | b- an 
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EI according to the ſame Laws, as if the part 


upon which it acts were not ſurrounded with 
the Body of the Planet. The Rays of Light, 
whether. they be very ſmall Bodies projected, 
or only Motion or Force propagated, are mo- 
ved in right Lines; and whenever a Ray of 
Light is by any Obſtacle turned out of its recti- 
lineawway, it will never return into the ſame +. 


_ rectilinear way, unleſs perhaps by very great ac- 


cident. And yet Light is tranſmitted through 
pellucid ſolid Bodies in right Lines to very great 
diſtances. How Bodies can have a ſufficient 
quantity of Pores for producing theſe Effects is 
very difficult to: conceive, but perhaps not al- 
together impoſſible. For the Colours of Bodies 
ariſe from the Magnitudes of the Particles which 
reflect them, as was explained above. Now if 
we conceive theſe Particles of Bodies to be ſo 
diſpoſed amongſt themſelves, that the Intervals 


or empty Spaces between them may be equal in 


magmtude to them all; and that theſe Parti- 


cles may be compoſed of other Particles much 


ſmaller, which have as much empty Space be- 
tween them as equals all the Magnitudes of 
theſe ſmaller Particles: And that in like man- 


ner theſe ſmaller Particles are again compoſed 


of others much ſmaller, all which together are 
equal to all the Pores or empty Spaces between 
them and ſo on perpetually till you come to 


ſolid Particles, ſuch as have no Pores or empty 


Spaces within them: And if in any groſs Body 


there be, for inſtance, three ſuch degrees of 


Particles, the leaſt of which are ſolid; this Bo- 
dy will have ſeven times more Pores than ſolid 
18 | R 2 Parts. 


244 OPTIC K 8. 
Parts. But if there be four ſuch degrees of 
Particles, the leaſt of which are ſolid, the Bo- 

dy will have fifteen times more Pores than ſolid 

Parts. If there be five degrees, the Body will 

have one and thirty times more Pores than ſolid 

Parts. If fix degrees, the Body will have ſixty 

and three times more Pores than ſolid Parts. And 
ſo on perpetually. And there are other ways of 
cConceiving how Bodies may be exceeding porous. 

Bur what is really their inward Frame is not yet 

known to us. | 


2 PRO P. IX. 


. Badies reflect and refract Light by one and the 
ſame power, variouſly exerciſed in various Cir- 
cumſtances. More 


& in HIS appears by ſeveral Conſiderations. 
Firſt, Becauſe when Light goes out of 
Glaſs into Air, as obliquely as it can poſſibly 
do. If its Incidence be — ſtill more oblique, 
it becomes totally reflected. For the power of 
the Glaſs after it has refracted the Light as ob- 
liquely as is poſſible, if the Incidence be till 
made more oblique, becomes too to let 
5 any of its/ Rays go through, and by conſequence 
ip cauſes total Reflexions. Secondly , Becadſe 
1 Light is alternately reflected and tranſmitted 
5 by thin Plates of Glaſs for many Succeſſions, 
accordingly as the thickneſs of the Plate increa- 
ſes in an arithmetical ' Progreſſion. For here 
the thickneſs of the Glaſs determines whether 
that Power by which Glaſs acts upon Light 
hall cauſe it to be reflected, or ſuffer 8 


— 
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tranſmitted. And, Thirdly, becauſe thoſe Syr- 
faces of tranſparent Bodies which have the great- 
eſt refracting power, reflect the greateſt quan- 


tity of Light, as was ſhewn in the firſt Propoki- 


tion. 


PRO pP. X. 


If Light be foifter in Bodies than in Vacuo, in 
the proportion of the Sines which meaſure the 
 Refrattion of the Bodies, the Forces of the 
Bodies to reflect and refrat Light, are very 
nearly bbs oro to the denſities of the ſame 
Bodies; excepting that A and bees 
Bodies refract more than others of this ſame den- 


#99. 


E T AB repreſent the refracting plane Sur- 
face of any Body, and IC a Ray incident 
very obliquely upon the Body in C, fo that the 


Angle ACI may be infinitely little, and let CR 


be the refracted Ray. From a given Point B 
perpendicular to the refracting Surface erect BR 
meeting with the refracting Ray C R in R, and 


if CR repreſent the Motion of the re fracted 


Ray, and this Motion be diſtinguiſh'd into two 


Motions oY and BR, whereof CB is paral- 
R 3 : lel 


or | 
lel to the refracting Plane, and BR perpendi- 
cular to it: CB ſhall repreſent the Motion of 
the incident Ray, and BR the Motion genera- 
ted by the Refraction, as Opticians have of late 

explain'd. 
Now if any Body or Thing, in moving through 
any Space of a given breadth terminated on 
both ſides by two parallel Planes, be urged for- 
ward ih all parts of that Space by Forces tend- 
ing directly en towards the [aſt Plane, and 
before its Incidence on the firſt Plane, had no 
Motion towards it, or but an infinitely little 
one ; and if the Forces in all parts of that Space, 
between the Planes, be at equal diſtances from 
the Planes equal to one another, bur at ſeveral 
diſtances be bigger or leſs in any given Propor- 
tion, the Motion generated by the Forces in 
the whole paſſage of the Body or thing through 
that Space ſhall be in a ſubduplicate Proportion 
of the Forces, as Mathematicians will eaſily 
underſtand. And. therefore, if the Space of acti- 
vity of the refracting Superficies of the Body 
be conſider'd as ſuch a Space, the Motion of 
the Ray generated by the refracting Force of 
the Boch „during its paſſage through that Space, 
that is, the Motion BR, muſt be in ſubdupli- 
cate Proportion of that refracting Force. I ſay 
therefore, that the Square of the Line B R, and 
by conſequence the refracting Force of the Bo- 
dy, is very nearly as the denſity of the ſame Bo- 
dy. For this will appear by the following Ta- 
ble, wherein the Proportion of the Sines which 
meaſure the Refractions of ſeveral Bodies, the 
Square of BR, ſuppoſing CB an unite, 2 
ties 
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ſities of the Bodies eſtimated by their Specifick 
Gravities, and their Refractive Power in reſpect 
of their Denſities are ſet down in ſeveral Co- 
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lumns. 
The Proportion | The Square (The den- | The re- 
| of the ines of BR, fity and] frative 
| of Incidence] to which | ſpecifick | Power 
he refracting Bo-| and Refra- | the refra-| gravi- | of the 
þ dies. Gion of yel- _ force] ty 45 Body i 
low Light. of the Bo- the Bo-| reſpet 
dy is pro-] dy. of its 
portionat denſity. 
APſeudo-Topazius, + 
being a natural, . 
_ britfle,] 23 to 14;1%699 4'27 | 3979 
iry Stone, of a 
yellow Colour. 
ir. 3201 to 32000000625 Poor: 5208 
Glaſs of Antimony.j 17 to 9 |2'568 5'28 4864 
A Selenitis. 61 to 41]1'213 2252 | 5386 
{Glaſs vulgar. 31 to 2014025 2'58 | 5436 
Cryſtal of the Rock.] 25 to 1611445 2'65 | 5450 
Iſland Cryſtal. 5 to 311'778 2'72 | 6536 
Sal Gemme. \ 17 to 1111'388 2'143 J 6477 
. 35 to 2411267 [1714 | 6570 
. 22 to 1511511 1'714 | 6716 
. 32 to 2117345 1'9 7079 
Dantzick Vitriol. | 303 to 200|[ 1295 1715 | 7551 
10 to 7115041 1˙7 6124 
. 529 to 39608485 | nr 7845 
. 31 to 2111179 1375 | 8574 
pirit of Wine wel 100 to 73|[0'8765 0'866 0121 
Ire. F260): 21286 o'996 [12551 
ive. 22 to 15 [1˙1511 o0'913. [12607 
. 40 to 2711'1948 | o'932 2819 
urpentine.] 25 to 17Þ1'1626 | 0'874 [13222 | 
' 14 to 91142 104 [13054 
100 to 414949 3'4 11455 


The Refraction of the Air in this Table is de- 
.termin'd by that of 


R 


the Atmoſphere obſerved 


4 


by 
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by Aſtronomers. For, if Light paſs through many 
refracting Subſtances or Mediums gradually denſer 
and denſer, and terminated with parallel Surfaces, 
the Sum of all the Refractions will be equal to 
the ſingle Refraction which it would have {fer 
in paſſing immediately out of the firſt Medium 
into the Faſt And this holds true, though the 
Number of the refracting Subſtances be increaſed 
ro Infinity, and the Diſtances from one another 
as much decreaſed, ſo that the Light may be 
refracted in every Point of its Paſſage, and by 
. continual Refractions bent into a Curve-Line. 
And therefore the whole Refraction of Light 
in paſſing through the Atmoſphere from the 
higheſt and rareſt Part thereof down to the loweſt 
and denſeſt Part, muſt be equal to the Re- 
fraction which it would ſuffer in paſſing at 
like Obliquity out of a Vacuum immediately 
into Air of equal Denſity with that in the loweſt 
Part of the Atmoſphere. 

Now, although a Pſeudo-Topaz, a Selenitis, 
Rock Cryſtal, Iſland Cryſtal, Vulgar Glaſs 
(that is, Sand melted together) and Glaſs of 
Antimony, which are terreſtrial ſtony alcalizate 
Concretes, and Air which probably ariſes from 
ſuch Subſtances by Fermentation, be Subſtances 
very differing from one another in Denſity, yet 
by chis Table, they have their refractive Powers 
almoſt in the ſame Proportion to one another 
as their Denſities are, excepting that the Re- 
fraction of that ſtrange Subſtance, Iſland Cryſtal 
is a little bigger than the reſt. And parti- 
cularly Air, which is 3509 Times rarer than 
the Pleudo-Topaz, and 4400 Times rarer Ke 

3 $ 
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Glaſs of Antimony, and 2000 Times rarer than 
the Selenitis, Glaſs vulgar, or Cryſtal of the 
Rock, has notwithſtanding its rarity the ſame re- 
fractive Power in reſpe& of us Denſity which 
* thoſe very denſe Subſtances have in reſpect of 
theirs, excepting ſo far as thoſe differ from one 
another. 

Again, the Refraction of Camphire, Oil Olive, 

Linſeed Oil, Spirit of Turpentine and Amber, 
which are fat {al phureous unctudus Bodies, and 
a Diamond, which probably is an unctuous Sub- 
ſtance coagulated, have their refractive Powers'in 
Proportion to one another as their Denſities with- 
out any conſiderable Variation. - But the re- 
fractive Powers of - theſe unctuous Subſtances are 
two or three Times greater in reſpe& of their 
Denſities than the refractive Powers of the former 
Subſtances in reſpect of theirs. 
Water has a refractive Power in a middle de- 
gree between, thoſe two ſorts of Subſtances, 
and_probably is of a middle nature. For out 
of it grow all vegetable and animal Subſtances, 
which conſiſt as well of ſulphureous fat and in- 
flamable Parts, as of earthy lean and alcalizate 
ones. 5 = 

Salts and Vitriols have refractive Powers in a 
middle degree between thoſe of earthy Subſtances 
and Water, and accordingly are compoſed of 
thoſe two ſorts of Subſtances. For by diſtillation 
and rectification of their Spirits a great Part of 
them goes into Water, and a great Part remains 
behind in the form of a. dry fix'd Earth capable 
of Vitrification. | | 


*. Spirit 
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Spirit of Wine has a refractive Power in a 
middle degree between thoſe of Water and oily 
Subſtances, and accordingly ſeems to be compo- 
ſed of both, united by Fermentation; the Water, 
by means of ſome ſaline Spirits with which tis 
impregnated, diſſolving the Oil, and volatizing 
it by the Action. For Spirit of Wine is inflama- 
ble by means of its oily Parts, and being diſtilled 
often from Salt of Tartar, grow by every diſtil- 
lation more and more aqueous and phlegma- 
tick. And Chymiſts obſerve, that Vegetables 
(as Lavender, Rue, Marjoram, &c.) diſtilled per 


ſe, before fermentation yield Oils without any 


burning Spirits, but after fermentation yield ar- 
dent Spirits without Oils: Which ſhews, that 
their Oil is by fermentation converted into Spi- 
rit. They find alſo, that if Oils be poured in a 
ſmall quantity upon fermentating Vegetables, 
they diſtil over after fermentation in the form 
of Spirits. | 

So then, by the foregoing Table, all Bodies 
ſeem to have their refractive Powers propor- 
tional to their Denſities, (or very nearly ;) ex- 
cepting ſo far as they partake more or leſs of 
ful; hureous oily Particles, and thereby have their 
reflacive Power made greater or leſs. Whence 
it ſeems rational to-attribute the refractive Power 
of all Bodies chiefly, if not wholly, to the ſul- 
phureous Parts with which they abound. For 
it's, probable that all Bodies abound more or leſs 


with Sulphurs. And as Light congregated by a 


Burning-glaſs acts moſt, upon ſulphureous Bo- 
dies, to turn them into Fire and Flame; fo, 
ſince all Action is mutual, Sulphurs ought to act 

| . | | molt 
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moſt upon Light. For that the action between 
Light and Bodies is mutual, may - appear from 
this Conſideration; That the denſeſt Bodies 
which refra& and reflect Light moſt ſtrongly, 

row hotteſt in the Summer Sun, by the action 
of the refracted or reflected Light. 

I have hitherto explain'd the power of Bo- 
dies to reflect and refract, and ſhew'd, that thin 
tranſparent Plates, Fibres, and Particles, do, ac- 
cording to their ſeveral thickneſſes and denſi- 
ties, reflect ſeveral ſorts of Rays, and thereby 
appear of ſeveral Colours; and by conſequence 
that nothing more 1s requiſite for producing all 
the Colours of natural Bodies, than the ſeveral 
ſizes and denſities of their tranſparent Particles. 
Bur whence it is that theſe Plates, Fibres, and 
Particles, do, according to their ſeveral thick- 
neſſes and denſities, reflect ſeveral ſorts of Rays, 
I have not yet explain'd. To give ſome inſight 
into this matter, and make way for underſtand- 
ing the next part of this Book, I ſhall conclude 
this part with a few more Propoſitions. Thoſe 
which preceded reſpe& the nature of Bodies, 
theſe the nature of Light: For both muſt be 
underſtood, before the reaſon of their Actions 
upon one another can be known. And becauſe 
the laſt Propoſition depended upon the velocity 
1 08 I will begin with a Propoſition of that 


e 


PROP, 


Prop. XI. | 
Light is propagated from luminous Bodies in 
time, and ſpends about ſeven or eight Mi- 
nutes Kg an Hour in paſſing from the Sun to the 
Earth. 


HIS was obſerved firſt by Roemer, and 
then by others, by means of the Eclipſes of 
the Satellites of Jupiter. For theſe Eclipſes, 
when the Earth is between the Sun and Jupiter, 
happen about ſeven or eight Minutes ſooner 
than they ought to do by the Tables, and when 
the Earth is beyond the Sun they happen abour 
ſeven or eight Minutes later than they ought to 
do; the reaſon being, that the Light of the 
Satellites has farther to go in the latter caſe 
than in the former by the Diameter of 
the Earth's Orbit. Some inequalities of time 
may ariſe from the Excentricities of the Orbs of 
the Satellites; but thoſe cannot anſwer in all the 
Satellites, and at all times to the Poſition and 
Diſtance of the'Earth from the Sun. The mean 
motions of Fupiter's Satellites is alſo ſwifter in 
his deſcent from his Aphelium to his Perihelium, - 
than in his aſcent in the other half of his Orb. 
But this inequality has no reſpe& to the poſition 
of the Earth, and in the three interior Satellites 
is inſenſible, as I find by computation from the 
Theory of their Gravity. 


PROP. 
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„PROF. XI 4; wr 
Every Ray of Light in its paſſage through any 
refracting Surface is put into a certain tranſient 
Conſtitution or State, which in the progreſs 
of the Ray returns at equal Intervals, and 
diſpoſes the Ray at every return to be eafily 
tranſmitted through the next refratting Sur- 
face, and between the returns to be eafily reflected 
N . 

HIS is manifeſt by the gth, gth, 12h; 

and 15th Obſervations. For by thoſe Ob- 
ſervations it appears, that one and the fame 
ſort of Rays at equal Angles of Incidence on a- 
ny thin tranſparent Plate, is alternately reflected 
and tranſmitted for many Succeſſions according- 
ly as the thickneſs of the Plate increaſes in 
arithmetical Progreſſion of the Numbers, a. 
1.12 65 4, 5, 6. 7 8, Sc. ſo that if the firſt 
Reflexion (that which makes the firſt or inner- 
moſt, of the Rings of Colours there deſcribed ) 
be made at the thickneſs 1, the, Rays ſhall be 
tranſmitted at the thickneſſes o, 2 4, G, 8, 10, 
12, &c. and thereby make the central Spot and 
Rings of Light, which appear by tranſmiſſion, 
and be reflected at the thickneſs 1, 3, 5, 7, 9. 
11, Sc. and thereby make the Rings which 
appear by Reflexion. And this alternate Re- 
flexion and Tranſmiſſion, as I gather by the 24th 
Obſervation, continues for above an hundred 
viciſſitudes, and by the Obſervations in the next 
part of this Book, for many thouſands, being 
propagated from one Surface of a Glaſs Plate 8 
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the other, though the thickneſs of the Plate be 
a quarter of an Inch or above: So that this al- 
ternation ſeems to be 2 from every 
refracting Surface to all diſtances e end or 
limitation. 

This alternate Reflexion and Refraction 1 

nds on both the Surfaces of every thin Plate, 

HAY it depends on their diſtance, By the 
2 iſt Obſervation, iſ either Surface of a thin 
Plate of Muſcovy Glaſs be wetted, the Colours 
cauſed by the alternate Reflexion and Refraction 
grow faint, and therefore it ——_— on them 
both. 
It is therefore perform'd.at the ſecond Wade 
Gon if it were perform'd/ at the firſt, before the 
Rays arrive at the ſecond,” it would not _—_ 
on the ſecond. 

It is alſo bene by few Aion or diſpo- 
ausn, propagated from the firſt to the ſecond, 
becauſe otherwiſe at the ſecond it would not 
depend on the firſt. And this action or diſpo- 
ſition, in its propagation, intermits and returns 
by equal Intervals, becauſe in all its progreſs it 
inclines the Ray at one diſtance from the firſt 
Surface to be reflected by the ſecond, at ano- 
ther to be tranſmitted by it, and that by equal 
Intervals for innumerable viciffitudes. And be- 
cauſe the Ray is diſpoſed to Reflexion at the 
diſtances 1, 3, 5, 7, 9, Sc. and to Tranſmiſſion 

bl che diſtances o, 2, 4, 6, 8, 10, Sc. (for its 
tranſmiſſion chrough the firſt Surface, is at the 
diſtance o, and it is tranſmitted through both 
together, if their diſtance be infinitely little or 
much leſs than 1) the — to be tranſ- 
| mitted 
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mitted at the diſtances 2, 4, 6, 8, 10, &c. is to be 
accounted a return of the ſame diſpoſition which 
the Ray firſt had at the diſtance o, that is at its 
tranſmiſſion through the firſt refracting Surface. 
All which is the thing I would prove. 

What kind of action or diſpoſition this is; 
Whether it conſiſts in a circulating or a vibra- 
ting motion of the Ray, or of the Medium, or 
ſomething elſe, I do not here enquire. Thoſe 
that are averſe from aſſenting to any new Diſ- 
coveries, but ſuch as they can explain by an Hy- 
potheſis, may for the; preſent ſuppoſe, that as 
Stones by falling upon Water put the Water in- 
to an undulating Motion; and all Bodies by 
percuſſion excite vibrations in che Air; ſo the 
Rays of Light, by impinging on any refracting 
or reflecting Surface, excite vibrations in the 
refracting or reflecting Medium or Subſtance, 
and by exciting them agitate the ſolid parts of 
the refracting or reflecting Body, and by agita- 
ting them cauſe the Body to grow warm or 
hot; that the vibrations his excited are pro- 
pagated in the refracting or reflecting Medium 
or Subſtance, much after the manner that vibra- 
tions are propagated in the Air for cauſing 
Sound, td move faſter than the Rays ſo as to 
overtake them; and that when any Ray is in 
that part of the vibration which conſpires with 
its Motion, it eaſily breaks through a refracti 
Surface, but when it is in the contrary part 8 ; 
the vibration which impedes its Motion, it is 
eaſily reflected; and, by conſequence, that e- 
very Ray is ſucceſſively diſpoſed to be eaſily re- 


fected, or _ tranſmitted, by every vibration 
which - 
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which overtakes it. But whether this Hypothe- 
ſis be true or falſe J do not here conſider. I con- 
tent my ſelf with the bare Diſcovery, that the 
Rays of Light are by ſome cauſe or other alter- 
nately diſpoſed to be reflected or refracted for 
many viciſſitudes. 


DEFINITION. 
he returns of the diſpoſition of any Ray to be 
reflected T1 Y ol all Fir 05 eaſy Reflexion 
and thoſe F its diſpoſition to be tranſmitted its 
Fits of eaſy Tranſmiſſion, and the ſpace it 
paſſes between every return and the next re- 
turn, the Interval of its Fits. * 


re | 
The reaſon why the Surfaces of all thick tranſ- 
parent Bales reflect part of the Light inci- 
dent on them, and refract the reſt, 1s, that 
ſome Rays at their Incidence are in Fits of eaſy 
Reflexion, and others in Fits of eaſy Tranſ- 
Non. 5 | * 


T HIS may be gather'd from the 24th Ob- 
ſervation, where the Light reflected by 
thin Plates of Air and Glaſs, which to the naked 
Eye appear'd evenly white all over the Plate, did 
* through a Priſm appear waved with many Suc- 
. cefſions of Light and Darkneſs made by alter- 
nate Fits of eaſy Reflexion and eaſy Tranſmiſſi- 
on, the Priſm ſevering and diſtinguiſhing the 
Waves of which the white” reflected Light was 
compolſedy as was explain'd above. 
| And 
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And hence Light is in Fits of eaſy Reflexion 
and eaſy Tranſmiſſion, before its Incidence on 
tranſparent Bodies. And probably it 1s put in- 
to ſuch Fits at its firſt emiſſion from luminous 
Bodies, and continues in them during all its pro- 
greſs, For theſe Fits are of a laſting nature; as 
will appear by the next part of this Book. 

In this Propoſition I ſuppoſe the tranſparent 
Bodies to be thick ; becauſe if the thickneſs of 
the Body be much Teſs than the Interval of the 
Fits of eaſy Reflexion and Tranſmiſſion of the 
Rays, the Body loſeth its reflecting power. For 
if the Rays, which at their entering into the 
Body are put into Fits of eaſy Tranſmiſſion, ar- 
rive at the fartheſt Surface of the Body before 
they be out of thoſe Fits, they muſt be tranſmit- 
ted, And this is the reaſon why Bubbles of 
Water loſe their reflecting power when they 
grow very thin; and why all opake Bodies, when 
reduced into very ſmall parts, become tranſpa- 
rent. $2: 


PRO P. XIV. 

Thoſe Surfaces of tranſparent Bodies, which if the 
Ray be in a Fit of Refratiion do refract it mit 
ſtrongly, i the Ray be in a Fit of Reflexion do 
reflect it moſt eaſily. 


OR we ſhewed above, in Prop. 8. that the 
cauſe of Reflexion is not the impinging of 
Light on the ſolid impervious parts of Bodies, 
but ſome other power by which thoſe ſolid 
parts act on Light at a diſtance. We ſhewed 
allo in Prop. 9. that Bodies reflect and refract 
: S) Light 


% Of Pena 

Light by one and the fame power, variouſly ex- 
erciſed in various circumſtances; and in Prop. 1. 
that the moſt ſtrongly refracting Surfaces reflect 
the moſt Light: All which compared together 
evince and ratify both this and the laſt Propo- 


ſition. 


PRO. XV. 


In any one and the ſame fort of Rays, emerging in 


any Angle out of any refratting Surface into one 
and the ſame Medium, the Interval of the fol- 
lowing Fits of eaſy Reflexion and Tranſmiſſion 
are either accurately or very nearly, as the Reft- 
angle of the Secant of the Angle of Refraction, 
and of the Secant of another Angle, whoſe Sine 
is the firſt of 106 arithmetical mean Proporti- 
onals, between the Sines of Incidence and Refra- 
ion, counted from the Sine of Refrattion. 


TP HIS is manifeſt by the 7th and 1gth Obſer- 


vations. 


PROP. 
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PRO. XVI. 
In ſeveral forts of Rays emerging in equal Angles 
out of any refratting Surface into the ſame Me- 
dium, the 1 e following fl of eaſy 


Reflexion and eaſy Tranſmiſfion are either accu- 
_ or very nearly, as the Cube-Roots of the 

Squares of the lengths of a Chord, which found 
the Notes in an Eight, ſol, la, fa, ſol, la, mi, 
fa, ſol, with all their imtermediate degrees an- 

ering to the Colours of thoſe Rays, according 2 
the Analogy deſcribed in the ſeventh Experiment 
of the ſecond Part of the firſt Book. 


T HIS is manifeſt by the 13th and 14th Ob- 


ſervations. 


PRO P. XVII. 


F Rays of any ſort paſs perpendicularly into ſeve- 

oh 22 aud 5 | Fan of the Bit of eaſy 
Reflexion and Tranſmiſſion in any one Medium, 
are to thoſe Intervals in any other, as the Sine A 
Incidence to the Sine of Refracii on, when t 
Rays paſs out of the firft of theſe two Mediums 


into the ſecond. 


T HIS is manifeſt by the 1oth Obſerva- 


tion. 


8 2 
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PRO P. XVIII. 


Tf the Rays which paint the Colour in the Confine 
I yellow and orange paſs perpendicularly out of 
any Medium into Air, the Intervals of their Fits 


OY of eaſy Reflexton are the 8558875 part of an Inch. 


And of the ſame length are the Intervals of their 
Fits of eaſy Tranſmiſſion. 


F HIS is manifeſt by the 6th Obſervation. 

From theſg Propofitions it is eaſy to col- 
lect the Intervals of the Fits of eaſy Reflexion 
and eaſy Tranſmiſſion of any ſort of Rays refra- 
ded in any Angle into any Medium; and thence 
to know, whether the Rays ſhall be reflected or 
tranſmitted at their ſubſequent Incidence upon 
any other pellucid Medium. Which thing, be- 
ing uſeful for underſtanding the next part of this 
Book, was here to be ſet down. And for the 
ſame reaſon I add the two following Propoſi- 
* TONS, 


PRO pP. 
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PRO P. XIX. 
FF any fort of Rays falling on the polite Surface 
77 Eo 4 0. reflected vary the 25 
of eaſy Reflexion, which they have at the point of 
Reflexion, ſhall ſtill continue to return; and the 
Returns ſhall be at diſtances from the point of 
Reflexion in the arithmetical progreſſion of the 
umbers 2, 4, 6, 8, 10, 12, &c. and between 
theſe Fits the Rays ſhall be in Fits of eaſy Tranſ- 


miſſion. 


OR fince the Fits of eaſy Reflexion and 
ealy Tranſmiſſion are of a returning na- 
ture, there is no reaſon why theſe Fits, which 
continued till the Ray arrived at the reflecting, 
Medium, and there inclined the Ray to Refle- 
xion, ſhould there ceaſe. And if the Ray at the 
point of Reflexion was in a Fit of eaſy Reflexion, 
the progreſſion of the diſtances of theſe Fits 
from that point muſt begin from o, and ſo be of 
the Numbers o, 2, 4, 6, 8, &c. And therefore 
the progreſſion of the diſtances of the interme- 
diate Fits of eaſy Tranſmiſſion, reckon'd from 
the ſame. point, muſt be in the progreſſion of 
the odd Numbers 1, 3, 5, 7, 9, Sc. contrary; 
to what happens when the Fits are propagated: 
from points of Refraction. | 


8 3 PROP, 
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PRO P. XX. 


The Intervals of the Fits of eaſy Reflexion and 
eaſy Tranſiniſion, propagated from points of 
Reflexion into any Medium, are equal to the 

| Intervals of the like Fits, which the ſame Rays 
would have, if refracted into the ſame . kedicn 

in Angles of e een equal to their Angles of 
 Reftexton. 


F OR when Light is reflected by the ſecond 
Surface of thin Plates, it goes out after- 
wards freely at the firſt Surface to make the 
Rings of Colours which appear by Reflexion; 
and, by the freedom of its egreſs, makes the 
Colours of theſe Rings more vivid and 2 
than thoſe which appear on the other fide o 
the* Plates by the tranſmitted Light. The re- 
flected Rays are therefore in Fits of eaſy 2 
miſſion at their egreſs; which would not alwa 
happen, if the Intervals of the Fits within 5 
Plate after Reflexion were not equal, both in 
length and number, to their Intervals before it. 
And this confirms alſo the proportions ſet down 
in the former Propoſition. For if the Rays 
both in going in and out at the firſt Surface be 
in Fits of eaſy Tranſmiſſion, and the Intervals 
and Numbers of thoſe Fits between the firſt 
and ſecond Surface, before and after Reflexion, 
be equal, the diſtances of the Fits of eaſy 
Tranſmiſſion from either Surface, muſt be in 
the ſame progreſſion after Reflexion as before; 
that is, from the firſt Surface which tranſmit- 


ted chem, in the Progreſfon of the even Num- 
bers 
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bers o, 2, 4, 6, 8, Sc. and from the ſecond 
which reflected them, in that of the odd Num- 
bers 1, 3, 5, 7, &c. But theſe two Propoſi- 
tions will become much more evident by the 
8 in the following part this 
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Obſervations concerning the Reflexions and 
Colours of thick ao Poliſb d 
Plats. 


HERE isnoGlaſsor 8 how 
well ſocver poliſhed, bur, beſides the 
Light which it refracts or reflects re- 
gularly, ſcattersevery way irregularly 
a faint Eight, by means of which the 
poliſh d Surface, when illuminated in a dark room 


by 
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by a beam of the Sun's Light, may be eaſily ſeen 


in all poſitions of the Eye. There are certain 
Phænomena of this ſcatter'd Light, which when 
I firſt obſerved them, ſeem'd very. ſtrange and 
ſurprizing to me. My Obſervations were as fol- 
lows. 8 he" 20 
Ob. x. The Sun ſhining into my darken'd 
Chamber through a hole one third of an Inch 
wide, I let the intromitted beam of Light fall 
perpendicularly upon a Glaſs Speculum ground 
concave on one fide and convex on the other, 
to a Sphere of five Feet and eleven Inches Ra- 
dius, and Quick-filver'd over on the convex 
ſide. And holding a white opake Chart, or a 
Quire of Paper at the center of the Spheres to 
which the Speculum was ground, that is, at the 
_ diſtance of about five Feet: and eleven Inches 
from the Speculum, in ſuch manner, that the 
beam of Light might paſs through a little hole 
made in the middle of the Chart to the Specu- 
lum, and thence be reflected back to the ſame 
hole: I obſerved upon the Chart four or five 
concentric Iriſes or Rings of Colours, like Rain- 
bows, encompaſſing the hole much after the 
manner that thoſe, which in the fourth and fol- 
lowing Obſervations of the firſt part of this third 
Book appear'd between the Object-glaſſes, en- 
compaſſed the black Spot, but yet larger and 
fainter than thoſe. Theſe Rings as they grew 
larger and larger became diluter and fainter, ſo 
that the fifth was ſcarce viſible. Vet ſome- 
times, when the Sun ſhone very clear, there 
appear d faint Lineaments of a ſixth and ſe- 
venth. If the diſtance of the Chart from the 
« $541 g Specu- 
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Speculum was much greater or much leſs than 
that of fix Feet, the Rings became dilute and 
vaniſh d. And if the diſtance of the Speculum 
from the Window was much greater than that 
of ſix Feet, the reflected beam of Light would 
be ſo broad at the diſtance of fix Feet from the 
Speculum where the Rings appear'd, as to ob- 
ſcure one or two of the innermoſt Rings. And 
therefore I uſually placed the Speculum at a- 
bout fix Feet from the Window; ſo that its 
Focus might there fall in with the center of its 
concavity at the Rings upon the Chart. And 
this Poſture is always to be underſtood in the 
following Obſervations where no other is ex- 
prelis'd. | 

Ob/. 2. The Colours of theſe Rain-bows ſuc- 
ceeded one another from the center outwards, 
in the ſame form and order with thoſe which. 
were made in the ninth Obſervation of the firſt 
Part of this Book by Light not reflected, but 
tranſmitted through the two Object-glaſſes. For, 
firſt, there was in their common center a white 
round Spot of faint Light, ſomething broader 
than the reflected beam of Light, which beam 
ſometimes fell upon the middle of the Spot, and 
ſometimes by a little inclination of the 8 
lum receded from the middle, and left the Spot 
white to the center. 

This white Spot was immediately encompaſ- 
fed with a dark grey or ruſſet, and that dark grey 
with the Colours of the firſt Iris; which Colours 
on the inſide next the dark grey were a little 
violet and indigo, and next to that a blue, which 
on the outſide grew pale, and then — s 
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little greeniſh yellow, and after that a brighter 

Itow, and then on the outward edge of the 

tris a red which on the outſide inclined to pur- 
le. 

F This Iris was immediately encompaſſed with a 

ſecond, ' whoſe Colours were in order from the in- 

fide outwards, purple, blue, green, yellow, light 

red, a red mix'd with purple. 

Then immediately follow'd the Colours of the 
third Iris, which were in order outwards a green 
inclining to purple, a good green, and a red more 
bright than that of the former Iris. 

The fourth and fifth Iris ſeem'd of a bluiſh 
green within, and red without, but fo faintly 
that it was difficult to diſcern the Colours. 

Ob/. 3. Meaſuring the Diameters of theſe 
Rings upon the Chart as accurately as I could, 
J found them alſo in the ſame proportion to 
one another with the Rings made by Light tranſ- 
mitted through the two Obje&t-plafſes. For 
the Diameters of the four firſt of the bright 
Rings meaſured between the brighteſt parts of 
their Orbits, at the diſtance of fix Feer trom the 
Speculum were 143, 2+, 24, 3+ Inches, whoſe 
Squares are in arithmetical progreſſion of the 
numbers 1, 2, 3, 4. If the white circular Spot 
in the middle be reckon'd amongſt the Rings, 
and its central Light, where it ſeems to be moſt 
luminous, be put equipollent to an infinitely 
little Ring ; the Squares of the Diameters of the 
Rings will be in the progreſſion o, 1, 2, 3, 4, 
Ge. l meaſured alſo the Diameters of the dark 
Circles between theſe luminous ones, and found 
their Squares in the progreſſion of the num- 

bers 
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bers +, 14, 24, 3 c. the Diameters of the 
firſt four at the diſtance of fix Feet from the 
Speculum, being 1.4, 2 r, 27, 3ur Inches. If 
the diſtance of the Chart from the Speculum 
was increaſed or diminiſhed, the Diameters of 
the Circles were increaſed or diminiſhed pro- 
portionally. 

OH 4. By the analogy between theſe Rings 
and thoſe deſcribed in the Obſervations of the 
firſt Part of this Book, I ſuſpected that there 
were many more of them which ſpread into 
one another, and by interfering mix'd their Co- 
lours, and diluted one another ſo that they could 
not be ſeen apart. I viewed them therefore 
through a Priſm, as I did thoſe in the 24th Ob- 
ſervation. of the firſt Part of this Book. And 
when the Priſm was ſo placed as by refracting 
the Light of their mix'd Colours to ſeparate 
them, and diſtinguiſh the Rings from one ano- 
ther, as it did thoſe in that Obſervation, I could 
then ſee them diſtincter than before, and eaſily 
number eight or nine of them, and ſometimes 
twelve or thirteen. And had not their Light 
been ſo very faint, I queſtion not but that I might 
have ſeen many more. 

Ob/. 5. Placing a Priſm at the Window to re- 
ſract the intromitted beam of Light, and caſt 
the oblong Spectrum of Colours on the Specu- 
lum: I covered the Speculum with a black Pa- 
per which had in the middle of it a hole to let 
any one vf the Colours paſs through to the Spe- 
culum, whilſt the reſt were intercepted by 
the Paper. And now I found Rings of that Co- 
lour only which fell upon the Speculum. e 
: | dhe 
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the Speculum was illuminated with red, the 
Rings were totally red with dark Intervals, if 
with blue they were totally blue, and ſo of the 
other Colours. And when they were illumi- 
nated with any one Colour, the Squares of their 
Diameters meaſured between their moſt lumi- 
nous Parts, were in the arithmerical Progreſſion 
of the Numbers, o, 1, 2, 3, 4, and the Squares 
of the Diameters of their dark Intervals in the 
Progreſſion of the intermediate Numbers 2, 13, 
2% 3. But if the Colour was varied, they va- 
ried their Magnitude. In the red they were lar- 
geſt, in the indigo and violet leaſt, and in the 
intermediate Colours yellow, green, and blue, 
they were of ſeveral intermediate Bigneſſes an- 
ſwering to the Colour, that is, greater in yel- 
low than in green, and greater in green than in 
blue. And hence I knew, that when the Spe- 
culum was illuminated with white Light, the 
red and yellow on the outſide of the Rings were 
produced by the leaſt refrangible Rays, and the 
blue and violet by the moſt refrangible, and that 
the Colours of each Ring ſpread into the Co- 
lours of the neighbouring Rings on either fide, 
after the manner explain'd in the firſt and ſe- 
cond Part of this Book, and by mixing diluted 
one another ſo that they could not be diſtin- 
guiſh'd, unleſs near the Center where they were 
leaſt mix d. For in this Obſervation I could 
ſee the Rings more diſtinctly, and to a greater 
Number than before, being able in the yellow 
Light to number eight or nine of them, be- 
ſides a faint ſhadow of a tenth. To ſatisfy my 
ſelf how much the Colours of the ſeveral Rings 
3 . ſpread 
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ſpread into one another, I meaſured the Dia- 
meters of the ſecond and third Rings, and found 
them when made by the Confine of the red and 
orange to be to the ſame Diameters when made 
by the Confine of blue and indigo, as 9 to 8, 
or thereabouts. For it was hard to determine 
this Proportion accurately. Alſo the Circles 
made ſucceſſively by the red, yellow, and green, 
differ d more from one another than thoſe made 
ſucceſſively by the green, blue, and indigo. For 
the Circle made by the violet was too dark to 
be ſeen. To carry on the Computation, let us 
therefore ſuppoſe that the Difterences of the 
Diameters of the Circles made by the outmoſt 
red, the Confine of red and orange, the Confine 
of orange and yellow, the Confine of yellow 
and green, the Confine of green and blue, the 
Confine of blue and indigo, the Confine of in- 
digo and violet, and outmoſt violet, are in pro- 
portion as the Differences of the Lengths of a 
Monochord which ſound the Tones in an Eight; 
ſol, la, fa, ſol, la, mi, fa, fol, that is, as the 
Numbers 3, , , is, &, A, rr. And if the 
Diameter of the Circle made by the Confine of 
red and orange be 9 A, and that of the Circle 
made by the Confine of blue and indigo be 8 A 
as above; their difference 9 A — 8 A will be 
to the difference of the Diameters of the Cir- 
cles made by the outmoſt red, and by the Con- 
fine of red and orange, as tr + + + tO 5 
that is as $to;, or 8 to 3, and to the diffe- 
rence of the Circles made by the outmoſt vio- 
let, and by the Confine of blue and indigo, as 

rr +3 +35 +5; to + + c, that is, as & to , 
or 
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or as 16 to 5. And therefore theſe differences 
will bez A and & A. Add the firſt to g A and 
ſubduct the laſt from 8 A, and you will have the 
Diameters bf the Circles made by the leaſt and 


moſt refrangible Rays & A and F A. Theſe di- 


ameters are therefore to one another as 75 to 
6130r 50 to 41, ad their Squares as 2500 to 
1681, that is, as 3 to 2 very nearly. Which 
proportion differs not much from the proportion 
of the Diameters of the Circles made by the 
outmoſt red and outmoſt violet, in the 13th Ob- 
ſervation of the firſt part of this Book. 

Obj. 6. Placing my Eye where theſe Rings 
appear'd plaineſt, I ſaw the Speculum tinged all 
over with Waves of Colours, (red, yellow, green, 
blue;) like thoſe which in the Obſervations of 
the firſt part of this Book appeared between 
the Object-glaſſes, and upon Bubbles of Water, 
but much larger. And after the manner of thoſe, 
they were of various magnitudes in various Po- 
fitions of the Eye, ſwelling and ſhrinking as I 
moved my Eye this way and that way. They 
were formed like Arcs of concentrick Circles, as 
thoſe were; and when my Eye was over againſt 
the center of the concavity of the Speculum, (that 
is, 5 Feet and 10 Inches diſtant from the Specu- 
lum,) their common center was in a right Line 
with that center of concavity, and with the 
hole in the Window, Bur in other poſtures of 
my Eye their center had other poſitions. They 
appear'd by the Light of the Clouds propagated 
to the Speculum through the hole in the Win- 
dow; and when the Sun ſhone through — 
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hole upon the Speculum, his Light upon it was 
of the Colour of the Ring whereon it fell, but by 
its ſplendor obſcured the Rings made by the Light 
of the Clouds, unleſs when the Speculum was 
removed to a great diſtance from the Window, 
ſo that his Light upon it might be broad and faint. 
By varying the poſition of my Eye, and moving 
it nearer to or farther from the direct beam of the 
Sun's Light, the Colour of the Sun's reflected 
Light conſtantly varied upon the Speculum, as it 
did upon my Eye, the ſame Colour always ap- 
pearing to a By-ſtander upon my Eye which to 
me appear'd upon the Speculum. And thence 1 
knew that the Rings of Colours upon the Chart 
were made by theſe reflected Colours, propagated 
thither from the Speculum in ſeveral Angles, and 
that their production depended not upon the ter- 
mination of Light and Shadow. 

Oh}. 7. By the Analogy of all theſe Phæno- 
mena with thoſe of the like Rings of Colours 
deſcribed in the firſt part of this Book, it ſeem- 
ed to me that theſe Colours were produced by 
this thick Plate of Glaſs, much after the manner 
that thoſe. were produced by very thin Plates. 
For, upon trial, I found that if the Quick-fi- 
ver were rubb'd off from the backſide of the 
Speculum, the Glaſs alone would cauſe the 
ſame Rings of Colours, but much more faint 
than before; and therefore the Phænomenon 
depends not upon the Quick-ſilver, unleſs ſo far 
as the Quick-filver by increaſing the Reflexion 
of the backſide of the Glaſs increaſes the Light 
of the Rings of Colours. I found alſo that a 
Speculum of Metal without Glaſs made ſome 
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Years fince for optical uſes, and very well 


wroughr, produced none of thoſe Rings; and 


thence I underſtood that theſe Rings ariſe not 


from one ſpecular Surface alone, but depend 


upon the two Surfaces of the Plate of Glaſs 


whereof the Speculum was made, and upon the 


thickneſs of the Glaſs between them. For 
as in the 7th and 19th Obſervations of the firſt 


part of this Book a thin Plate of Air, Water, 


or Glaſs of an even thickneſs appeared of one 
Colour when the Rays were perpendicular to 
it, of another when they were a little oblique, 
of another when more oblique, of another when 
ſtill more oblique, and ſo on; fo here, in the 
fixth Obſervation, the Light which emerged 
out of the Glaſs in ſeveral Obliquities, made the 
Glaſs appear of ſeveral Colours, and being pro- 
pagated in thoſe Obliquities to the Chart, there 
painted Rings of thoſe Colours. And as the 
reaſon why a thin Plate appeared of ſeveral Co- 
lours in ſeveral Obliquities of the Rays, was, 


that the Rays of one and the ſame ſort are re- 


flected by the thin Plate at one obliquity and 
tranſmitted at another, and thoſe of other ſorts 
tranſmitted where theſe are reflected, and re- 
flected where theſe are tranſmitted: So the 
reaſon why the thick Plate of Glaſs whereof 
the Speculum was made did appear of various 
Colours in various Obliquities, and in thoſe 
Obliquities propagated thoſe Colours to the 
Chart, was, that the Rays of one and the 
ſame ſort did at one Obliquity emerge out 
of the Glaſs, at another did not emerge, but 
were reflected back towards the * 
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by the hither Surface of the Glaſs, and according- 


ly as the Obliquity became greater and greater, 


emerged and were reflected alternately for ma- 
ny Succeſſions; and that in one and the ſame 
Obliquity the Rays of one ſort were reflected, 
and thoſe of another tranſmitted. This is ma- 

nifeſt by the fifth Obſervation of this part of this 
Book. For in that Obſervation, when the Spe- 
culum was illuminated by any one of the priſ- 
matick Colours, that Light made many Rings 
of the ſame Colour upon the Chart with dark 
Intervals, and therefore at its emergence out of 
the Speculum was alternately tranſmitted and 
not tranſmitted from the Speculum to the Chart 
for many Succeſſions, according to the various 
Obliquities of its Emergence. And when the 


Colour caſt on the Speculum by the Priſm was 


varied, the Rings became of the Colour caſt on 
it, and varied their bigneſs with their Colour, 
and therefore the Light was now alternately 
tranſmitted and not tranſmitted from the Spe- 
culum to the Chart at other Obliquities than 
before. It ſeemed to me therefore that theſe 
Rings were of one and the ſame original with 
thoſe of thin Plates, but yet with this difference, 
that thoſe of thin Plates are made by the alter- 
nate Reflexions and Tranſmiſſions of the Rays 
at the ſecond Surface of the Plate, after one paſ- 
ſage through it; but here the Rays go twice 
through the Plate before they are alternately re- 
flected and tranſmitted. Firſt, they go through 
it from the firſt Surface to the Quick-filver, and 
then rcturn through it from the Quick-filver 
to the firſt Surface, and there are either tranſ- 
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mitted to the Chart or reflected back to the 
Quick-filver, accordingly as they are in their 
Fits of eafy Reflexion or Tranſmiſſion when 
they arrive at that Surface. For the Intervals 
of the Fits of the Rays which fall perpendicu- 
larly on the Speculum, and are reflected back 
in the fame perpendicular Lines, by reaſon of 
the equality of theſe Angles and Lines, are of 
the fame length and number within the Glaſs 
after Reflexion as before, by the 19th Propoſi- 
tion of the third part of this Book. And there- 
fore fince all the Rays that enter through the 
firſt Surface are in their Fits of eaſy Tranſmiſ- 
fion at their entrance, and as many of theſe as 
are reflected by the ſecond are in their Fits of 
eafy Reflexion there, all theſe muſt be again in 
their Fits of eafy Tranſmiffion at their return 
to the firſt, and by conſequence there go out 
of the Glaſs to the Chart, and form upon it the 
white Spot of Light in the center of the Rings. 
For the reaſon holds good in all forts of Rays, 
and therefore all ſorts muſt go out promifcu- 
oufly to that Spot, and by their mixture cauſe 
it to be white. But the Intervals of the Fits of 
thoſe Rays which are reflected more obliquely 
than they enter, muſt be greater after Reflexion 
than before, by- the 15th and 2oth Propofitions. 
And thence it may happen that the Rays at their 
return to the firſt Surface, may in certain Ob- 
liquities be in Fits of eafy Reflexion, and return 
back to the Quick-filver, and in other interme- 
diate Obliquities be again in Fits of eaſy Tranſ- 
miſſion, and ſo* go out to the Chart, and paint 
on it the Rings of Colours about the white Spot. 

1 And 
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And becauſe the Intervals of the Fits at equal 
obliquities are greater and fewer in the leſs re- 
frangible Rays, and leſs and more numerous in 
the more refrangible, therefore the leſs refrangi- 
ble at equal obliquities ſhall make fewer Rings 
than the more refrangible, and the Rings made 
by thoſe ſhall be larger than the like number of 
Rings made by theſe; that is, the red Rings 
ſhall be larger than the yellow, the yellow than 


the green, the green than the blue, and the blue 


than the violet, as they were really found to be 
in the fifth Obſervation. And therefore the firſt 
Ring of all Colours encompaſſing the white 
Spot of Light ſhall be red without any violet 
within, and yellow, and green, and blue in the 
middle, as it was found in the ſecond Obſerva- 
tion; and theſe Colours in the ſecond Ring, and 
thoſe that follow, ſhall be more expanded, till 
they ſpread into one another, and blend one an- 
other by interfering. 

Theſe ſeem to be the reaſons of theſe Rings 
in general; and this * me upon obſerving the 
thickneſs of the Glaſs, and conſidering whether 
the dimenſions and proportions of the Rings may 
be truly derived from it by computation. 

Ob/. 8. I meaſured therefore the thickneſs of 
this concavo-convex Plate of Glaſs, and found it 


every where 4 of an Inch preciſely, Now, by 
the ſixth Obſervation of the firſt Part of this 


Book, a thin Plate of Air tranſmits the brighteſt 
Light of the firſt Ring, that is, the bright yel- 


. . . I 
low, when its thickneſs is the 3588 th part of an 


Inch; and by the tenth Obſervation of the ſame 


Part, 
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Part, a thin Plate of Glaſs tranſmits the ſame 
Light of the fame Ring, when ats thickneſs is 
leſs in proportion of the Sine of Refraction to 
the Sine of Incidence, that is, when its thick- 
. 11 I | 
neſs is the ges th or rat th part of an Inch, 
ſuppoſing the Sines are as 11 to 17. And if this 
thickneſs be doubled, it tranſmits the ſame bright 
Light of the ſecond Ring; if trippled, it tranſ- 
mits that of the third, and ſo on; the bright 
yellow Light in all theſe caſes being in its Fits 
of Tranſmiſſion. And therefore if its thickneſs 
be multiplied 34386 times, ſo as to become ; of 
an Inch, it tranſmits the ſame bright Light of 
the 343 86th Ring. Suppoſe this be the bright 
yellow Light tranſmitted perpendicularly from 
the reflecting convex fide of the Glaſs through 
the concave ſide to the white Spot in the cen- 
ter of the Rings of Colours on the Chart: And 
by a Rule in the 7th and 19th Obſervations in 
the firſt Part of this Book, and by the 15th and 
2oth Propoſitions of the third Part of this Book, 
if the Rays be made oblique to the Glaſs, the 
thickneſs of the Glaſs requiſite to tranſmit the 
ſame bright Light of the ſame Ring in any ob- 
liquity, is to this thickneſs of { of an Inch, as the 
Secant of a certain Angle to the Radius, the 
Sine of which Angle is the firſt of an hundred 
and fix arithmetical Means between the Sines 
of Incidence and Refraction, counted from the 
Sine of Incidence when the Refraction is made 
out of any plated Body into any Medium en- 
compaſling it; that is, in this cafe, out of Glafs 
into Air, Now if the thickneſs of the Glaſs be 
; 5 & T' 9 | increaſed 
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increaſed by degrees, ſo as to bear to its firft 
thickneſs, ( vig. that of a quarter of an Inch, ) 
the Proportions which 34386 ( the number of 
Fits of the perpendicular Rays in going through 
the Glaſs towards the white Spot in the center 
of the Rings,) hath to 34385, 34384, 34383, and 
34382, (the numbers of the Fits of the oblique 
Rays in going through the Glaſs towards the 
firſt, ſecond, third, and fourth Rings of Co- 
lours, ) and if the firſt thickneſs be divided in- 
to 100000000 equal parts, the increaſed thick- 
neſſes will be 100002908, 1000058 16, 100008725, 
and 100011633, and the Angles of which theſe 
thickneſſes are Secants will be 26' 13“, 37“ 5", 
45 6˙, and g2 260, the Radius being 100000000; 
and the Sines of theſe Angles are 762, 1079, 
1321, and 1525, and the proportional Sines of 
Refraction T172, 1659, 2031, and 2345, the Ra- 
dius being 100000, For ſince the Sines of In- 


cidence out of Glaſs into Air are to the Sines 


of Refraction as 11 to 17, and to the above- 
mentioned Secants as 11 to the firſt of 106 arith- 
metical Means between 11. and 17, that is, as 


II tO 11 =, thoſe Secants will be to the Sines 


of Refraction as 11 15 to 17, and by this Ana- 


logy will give theſe Sines. S0 then, if the ob- 


liquities of the Rays to the concave Surface of 
the Glaſs be ſuch that the Sines of their Refra- 
ction in paſſing out of the Glaſs through that 
Surface into the Air be 1172, 1659, 2031, 2345, 
the bright Light of the 34386th Ring ſhall e- 
merge at the thickneſſes of the Glaſs, which are 

| 0 
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to: of an Inch as 34386 to 34385, 34384, 34383, 
34382, reſpectively. And therefore, if the thick- 
neſs in all theſe Caſes be; of an Inch (as it is in 
the Glaſs of which the Speculum was made) 
the bright Light of the 3438 5th Ring ſhall e- 
merge where the Sine of Refraction is 1172, 
and that of the 343 84th, 34383 th, and 34382th 
Ring where the Sine is 1659, 2031, and 2345 
reſpectively. And in theſe Angles of Refra- 
ction the Light of theſe Rings ſhall be propaga- 
ted from the Speculum to the Chart, and there 
paint Rings about the white central round Spot 
of Light which we ſaid was the Light of the 
34386th Ring. And the Semidiameters of theſe 
Rings ſhall ſubtend the Angles of Refraction 
made at the Concave-Surtace of the Speculum, 
and by conſequence their Diameters ſhall be to 
the diſtance of the Chart from the Speculum as 
thoſe Sines of Refraction doubled are to the 
Radius, that is, as 1172, 1659, 2031, and 2345, 
doubled are to 100000. And therefore, if the 
diſtance of the Chart from the Concave- Surface 
of the Speculum be ſix Feet (as it was in the 
third of theſe Obſervations) the Diameters of 
the Rings of this bright yellow Light upon the 
Chart ſhall be 1688, 2389, 2'925, 3375 Inches: 
For theſe Diameters are to fix Feet, as the above- 
mention'd Sines doubled are to the Radius. 
Now, theſe Diameters of the bright yellow 
Rings, thus found by Computation are the 
very ſame with thoſe found in the third of theſe 
Obſervations by meaſuring them, vig. with 
116, 24, 24, and 3; Inches, and therefore the 
Theory of deriving theſe Rings from the thick- 

Eg T 4 : neſs 


280 oe. 


neſs of the Plate of Glaſs of which the Specu- 
lum was made, and from the Obliquity of che 
emerging Rays agrees with the Obſervation. In 
this Computation J have equalled the Diameters 
of the bright Rings made by Light of all Co- 
lours, to the Diameters of the Rings made by 
the bright yellow. For this yellow makes the 
brighteſt Part of the Rings of all Colours. If 
you deſire the Diameters of the Rings made by the 
Light of any other unmix'd Colour, you may 
find them readily by putting them to the Diame- 
ters of the bright yellow ones in a ſubduplicate 
Proportion of the Intervals of the Fits of the 
Rays of thoſe Colours when equally inclined to 
the refracting or reflecting Surface which cauſed 
thoſe Fits, that is, by putting the Diameters of 
the Rings made by the Rays in the Extremities 
and Limits of the ſeven Colours, red, orange, 
yellow, green, blue, indigo, violet, proportio- 
nal to the Cube-roots of the Numbers, 1, 8, & 5 
3, » %, „ Which expreſs the Lengths of a Mono- 
chord ſounding the Notes in an Eighth: For 
by this means the Diameters of the Rings of 
theſe Colours will be found pretty nearly in 
the ſame Proportion to one another, which 
they ought to have by the fifth of theſe Obſerva- 
tions. | 

And thus I ſatisfy' d my ſelf, that theſe Rings 
were -of the ſame Kind and Original with thoſe 
of thin Plates, and by conſequence that the Fits 
or alternate Diſpoſitions of the Rays to be 


reflected and tranſmitted are propagated to 
reat diſtances from every reflecting and re- 
tracting Surface, But yet to put the mat- 
| ter 
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ter out of doubt, I added the following Obſer- 


vation. 

OB/. 9. If theſe Rings thus depend on the 
thickneſs of the Plate of Glaſs, their Diameters 
at equal diſtances from ſeveral Speculums made 
of ſuch concavo-convex Plates of Glaſs as are 

round on the ſame Sphere, ought to be recipro- 
cally in a ſubduplicate Proportion of the thick- 
neſſes of the Plates of Glaſs. And if this Pro- 
portion be found true byexperience itwill amount 
to a demonſtration that theſe Rings (like thoſe 
formed in thin Plates) do depend on the thick- 
neſs of the Glaſs. I procured therefore- ano- 
ther concavo-convex Plate of Glaſs ground on 
both ſides to the ſame Sphere with the former 
Plate. Its thickneſs was & Parts of an Inch; 
and the Diameters of the three firſt bright Rings 
meaſured between the brighteſt Parts of their 
Orbits at the diſtance- of fix Feet from the 
Glaſs were 3. 4+. 54. Inches. Now, the thick- 
neſs of the other Glaſs being { of an Inch was 
to the thickneſs of this Glaſs as + to &, that is 
as 31 to 10, or 310000000 to 190000000, and 
the Roots of theſe Numbers are 17607 and 10000, 
and in the Proportion of the firſt of theſe Roots 
to the ſecond are the Diameters of the bright 
Rings made in this Obſervation by the thinner 
Glaſs; 3. 45. 5x, to the Diameters of the fame 
Rings made in the third of theſe Obſervations 
by the thicker Glaſs 1:4. 25. 215, that is, the Dia- 
meters of the Rings are reciprocally in a ſubdu- 
plicate Proportion of the thickneſſes of the Plates 
of Glaſs. 


. 3 
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So then in Plates of Glaſs which are alike 
concave on one ſide, and alike convex on the 
other ſide, and alike quick-ſilver'd on the con- 
vex fides, and differ in nothing but their thick- 
neſs; the Diameters of the Rings are reciprocally 
in a ſubduplicate Proportion of the thickneſſes of 
the Plates. And this ſhews ſufficiently that the 
Rings depend on both rhe Surfaces of Ho Glaſs. 
They depend on the convex Surface, becauſe they 
are more luminous when that Surface is quick- 
filver'd over than when it is without Quick-filver. 
They depend alſo upon the concave Surface, be- 
cauſe without that Surface a Speculum makes them 
not. They depend on both Surfaces, and on the 
diſtances between them, becauſe their bigneſs is 
varied by varying only that. diſtance. And this 
dependance is of the ſame kind with that which 
the Colours of thin Plares have on the diſtance 
of the Surfaces of thoſe Plates, becauſe the big- 
neſs of the Rings, and their Proportion to one 
another, and the variation of their bigneſs ariſing 
from the variation of the thickneſs of the Glaſs, 
and the Orders of their Colours, is ſuch as ought 
to reſult from the Propoſitions in the end of the 
third Part of this Book, derived from the Phæno- 
mena of the Colours of thin Plates ſet down in 
the firſt Part. 

There are yet other Phznomena of theſe Rings 
of Colours, but ſuch as follow from the ſame 
Propoſitions, and therefore confirm both the 
Truth of thoſe Propoſitions, and the Analogy be- 
eween theſe Rings and the Rings of Colours 
made by very thin Trees I ſhall ſubjoin ſome 
of them. | | | 

000 
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OH 10. When the beam of the Sun's Light 
was reflected back from the Speculum not di- 
rectly to the hole in the Window, but to a place 
a little diſtant from it, the common center of 
that Spot, and of all the Rings of Colours fell 
in the middle way between the beam of the in- 
cident Light, and the beam of the reflected 
Light, and by conſequence in the center of the 
ſpherical concavity of the Speculum, whenever 
the Chart on which the Rings of Colours fell 
was placed at that center. And as the beam of 
reflected Light by inclining the Speculum re- 
ceded more and more from the beam of inci- 
dent Light and from the common center of the 
colour'd Rings between them, thoſe Rings grew 
bigger and bigger, and ſo alſo did the white 
round Spot, and new Rings of Colours emer- 
ged ſucceſſively out of their common center, 
and the white Spot became a white Ring en- 
compaſſing them; and the incident and reflected 
beams of Light always fell upon the oppoſite 
parts of this white Ring, illuminating its Peri- 
meter like two mock Suns in the oppoſite parts 
of an Iris, So then the Diameter of this Ring, 
meaſured from the middle of its Light on one 
ſide to the middle of its Light on the other fide, 
was always equal to the diſtance between the 
middle of the incident beam of Light, and the 
middle of the reflected beam meaſured at the 
Chart on which the Rings appeared: And the 
Rays which form'd this Ring were reflected by 
the Speculum in Angles equal to their Angles of 
Incidence, and by conſequence to their Angles 


of Refraction at their entrance into the Glaſs, 
but 


ke. -- GP TOCKS 


but yet their Angles of Reflexion were not in 
the ſame Planes with their Angles of Inci- 
dence. _ a | 
Oh, 11. The Colours of the new Rings were 
in a contrary order to thoſe of the former, and 
aroſe after this manner. The white round Spot 
of Light in the middle of the Rings continued 
white to the center till the diſtance of the inci- 
dent and reflected beams at the Chart was about 
z parts of an Inch, and then it began to grow 
dark in the middle. And when that diſtance was a- 
bout I of an Inch, the white Spot was become 
a Ring encompaſſing a dark round Spot which in 
the middle inclined to violet and indigo. And 
the luminous Rings encompaſſing it were grown 
equal to rhoſe dark ones which in the four firſt 
Obſervations encompaſſed them, that is to ſay, 
the white Spot was grown a white Ring equal to 
the firſt of thoſe dark. Rings, and the firſt of 
thoſe luminous Rings was now grown equal to 
the ſecond of thoſe dark ones, and the ſe- 
cond of thoſe luminous ones to the third of 
thoſe dark ones, and ſo on. For the Diameters 
of the luminous Rings were now 177, 2, 21, 
3, Sc. Inches. 

When the diſtance between the incident and 
reflected beams of Light became a little big- 
ger, there emerged out of the middle of the 
dark Spot after the indigo a blue, and then out 
of that blue a pale green, and ſoon after a yel- 
low and red. And when the Colour at the 
center was brighteſt, being between yellow and 
red, the bright Rings were grown equal to thoſe 
Rings which in the four firſt Obſervations next 

eneom- 


TTC ˙ C Ü— A ˙ , ¼ OW Ai! ̃˙ A9Ä RS © 


1 
. 
1 
D 
1 
- 
t 


BOOK II. 28 5 


encompaſſed them; that is to ſay, the white 
Spot in the middle of thoſe Rings was now be- 
come a white Ring equal to the firſt of thoſe 
bright Rings, and the firſt of thoſe bright ones 
was now become equal to the ſecond of thoſe, 
and ſo on. For the Diameters of the white 
Ring, and of the other luminous Rings encom- 
paſſing it, were now” 1:,, 2 277, 3% &c. or 
thereabouts. | 

When the diſtance of the two beams of 
Light at the Chart was a little more increaſed, 
there emerged out of the middle in order after 
the red, a purple, a blue, a green, à yellow, 
and a red inclining much to purple, and when 
the Colour was brighteſt being between yellow 


and red, the former indigo, blue, green, yel- 


low and red, were become an Iris or Ring of 
Colours equal to the firſt of thoſe luminous 
Rings which appeared in the four firſt Obſer- 
vations, and the white Ring which was now 
become the ſecond of the luminous Rings was 
grown equal to the ſecond of thoſe, and the 
firſt of thoſe which was now become the third 
Ring was become equal to the third of thoſe, 
and ſo on. For their Diameters were 14, 23, 
25, 3+ Inches, the diſtance of the two beams 
of Light, and the Diameter of the white Ring 
being 2+ Inches. "hs | 

When theſe two beams became more diſtant 
there emerged out of the middle of the pur- 
pliſh red, firſt a darker round Spot, and then 
out of the middle of that Spot a brighter. And 
now the former Colours ( purple, blue, green, 
yellow, and purpliſh red) were become a Ring 
7 equal 
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equal to the firſt of the bright Rings mentioned 
in the four firſt Obſervations, and the Rings 
about this Ring were grown equal to the Rings 
about that reſpectively; the diſtance between 
the two beams of Light arid the Diameter of the 
white Ring (Which was now become the third 
Ring) being about 3 Inches. | | 
Ihe Colours of the Rings in the middle be- 
gan now to grow very dilute, and if the di- 
ſtance between the two Beams was increaſed 
half an Inch, or an Inch more, they vamſh'd 
whilſt the white Ring, with one or two of the 
Rings next it on either fide, continued ſtill vi- 
ſible. But if the diſtance of the two beams of 
Light was ſtill more increaſed, theſe alfo va- 
niſhed: For the Light which coming from ſe- 
veral parts'of the hole in the Window fell up- 
on the Speculum in ſeveral Angles of Incidence, 
made Rings of ſeveral - bigneſſes, which diluted 
and blotted out one another, as I knew by inter- 
cepting ſome part of that Light. For if I in- 
tercepted that part which was neareſt to the 
Axis of the Speculum the Rings would be lefs, 
it the other part which was remoteſt from it 
they would be bigger. 

O, 12. When the. Colours of the Priſm 
were caſt ſucceſſively on the Speculum, that 
Ring which in the two laſt Obſervations was 
white, was of the ſame bigneſs in all the Co- 
lours, but the Rings without it were greater in 
the green than in the blue, and ſtill greater in 
the yellow, and greateſt in the red. And, on the 
contrary, the Rings within that white Circle 


were leſs in the green than in the blue, and = 
leſs 
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leſs in the yellow, and leaſt in the red. For the 

Angles of Reflexion of thoſe Rays which made 

this Ring, being equal to their Angles of Inci- 

dence, the Fits of every reflected Ray within 

the Glaſs after Reflexion are equal in length 

and number to the Fits of the fame Ray with- 

in the Glaſs before its Incidence on the reflect- 

ing Surface. And therefore ſince all the Rays 

of all ſorts at their entrance into the Glaſs were 

in a Fit of Tranſmiſſion, they were alſo in a Fir 

of Tranſmiſſion at their returning to the ſame 

Surface after Reflexion; and by conſequence 

were tranſmitted, and went out to the white 

Ring on the Chart. This is the reafon why 

that Ring was of the ſame bigneſs in all the Co- 

lours, and why in a mixture of all it appears 

white. But in Rays which are reflected in o- 
ther Angles, the Intervals of the Fits of the I 
leaſt refrangible being greateſt, make the Rings 
of their-Colour in their progreſs from this white 
Ring, either outwards or inwards, increafe or 
decreaſe by the greateſt ſteps; ſo that the Rings 
of this Colour without are greateſt, and within 
leaſt. And this is the reaſon why in the laſt 
Obſervation, when the Speculum was illumina- 
1 ted with white Light, the exterior Rings made 
t by all Colours appeared red without and blue 
8 within, and the interior blue without and red 
* within. | 

1 Theſe are the Phanomena of thick convexo- 
n concave Plates of Glaſs, which are every where 
e of the ſame thickneſs. There are yet other 
e 
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Phænomena when theſe Plates are a little thick- 
er on one fide than on the other, and others 


when 


$88 Gren 
when the Plates are more or leſs concave than 
convex, or plano-convex, or double-convex. For 
in all theſe caſes the Plates make Rings of Co- 
. lours, but after various manners; all which, ſo 
far as J have yet obſerved, follow from the Pro- 


poſitions in the end of the third part of this 
Book, and ſo conſpire to confirm the truth of 


thoſe Propoſitions. But the Phænomena are 


too various, and the Calculations whereby they 
follow from thoſe Propoſitions too intricate to 
be here proſecuted. I content my ſelf with ha- 
ving proſecuted this kind of Phænomena ſo far 
as to diſcover their Cauſe, and by diſcovering 
it to ratify the Propoſitions in the third Part of 
this Book. | 

_ » Ob/. 13. As Light reflected by a Lens quick- 
ſilver d on the backſide makes the Rings of Co- 
lours above deſcribed, ſo it ought to make the 
like Rings of Colours in paſſing through a drop 
of Water. At the firſt Reflexion of the Rays 
within the drop, ſome Colours ought to be 
tranſmitted, as in the caſe of a Lens, and others 
to be reflected back to the Eye. For inſtance, 
if the Diameter of a ſmall drop or globule of 
Water be about the 500th part of an Inch, fo 
that a red-making Ray in paſſing through the 
middle of this globule has 250 Fits of eaſy 
Tranſmiſſion within the globule, and that all 
the red-making Rays which are at a certain di- 
ſtance from this middle Ray round about it 
have 249 Fits within the globule, and all the 
like Rays at a certain farther diſtance round a- 
bout it have 248- Fits, and all thoſe at a cer- 
tain farther diſtance 247 Fits, and ſo on; theſe 
concern- 
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concentrick Circles of Rays after their tranſ- 


miſſion, falling on a white Paper, will make 


concentrick Rings of red upon the Paper, ſup- 
poſing the Light. which paſſes through one ſin- 
gle globule, ſtrong enough to be ſenſible. And, 
in like manner, the Rays of other Colours will 
make Rings of other Colours. Suppoſe now 
that in a fair Day the Sun ſhines through a thin 
Cloud of ſuch globules of Water or Hail, and 
that the globules are all of the ſame bigneſs; 
and the Sun ſeen through this Cloud ſhall ap- 
pear encompaſſed with the like concentrick 
Rings of Colours, and the Diameter of the firſt 
Ring of red ſhall be 7, Degrees, that of the ſe- 
cond 107 Degrees, that of the third 12 Degrees 
33 Minutes. And accordingly as the Globules 
of Water are bigger or leſs, the Rings ſhall be 
leſs or bigger. This is the Theory, and Expe- 
rience anſwers it. For in June 1692, I ſaw by 
reflexion in a Veſſel of ſtagnating Water three 
Halos, Crowns, or Rings of Colours about the 
Sun, like three little Rain-bows, concentrick 
to his Body. The Colours of the firſt or in- 
nermoſt Crown were blue next the Sun, red 
without, and white in the middle between the 
blue and red. Thoſe of the ſecond Crown 
were purple and blue within, and pale red with- 
out, and green in the middle. And thoſe of 
the third were pale blue within, and pale red 
without; theſe Crowns encloſed one another 
immediately, fo that their Colours proceeded 
in this continual order from the Sun outward: 
blue, white, red; purple, blue, green, ple 

| U yellow 
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yellow and red; pale blue, pale red. The Di- 
aðmeter of the ſecond Crown meaſured from 
the middle of the yellow and red on one ſide 
of the Sun, to the middle of the ſame Colour 
on the other fide was 9? Degrees, or therea- 
bouts. The Diameters of the firſt and third 
I had not time to meaſure, but that of the firſt 
ſeemed to be about five or ſix Degrees, and 
that of the third about twelve. The like 
Crowns appear ſometimes about the Moon; 
for in the beginning of the Year 1664, Febr. 
19th! at Night, I ſaw two ſuch Crowns about 
her. The Diameter of the firſt or innermoſt 
was about three Degrees, and that of the ſe- 
cond about five Degrees and an half, Next a- 
bout the Moon was a Circle of white, and next 
about that the inner Crown, which was of a 
bluiſh green within next the white, and of a 
yellow and red without, and next about theſe 
Colours were blue and green on the inſide of 
the outward Crown, and red on the outſide of 
it. At the ſame time there appear'd a Halo a- 
bout 22 Degrees 35 diſtant from the center of 
the Moon. It was elliptical, and its long Dia- 
meter was perpendicular to the Horizon, verg- 
ing below fartheſt from the Moon. I am told 
that the Moon has ſometimes three or more 
concentrick Crowns of Colours encompaſſing 
one another next about her Body. The more 
equal the globules of Water or Ice are to one 
another, the more Crowns of Colours will ap- 
pear, and the Colours will be the more lively. 
The Halo at the diſtance of 22+ Degrees from 
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the Moon is of another ſort. By its being oval 
and remoter from the Moon below than above, 
I conclude, that it was made by Refraction in 
ſome ſort of Hail or Snow floating in the Air in 
an horizontal poſture, the refracting Angle being 
about 58 or 60 Degrees. f 


THE 


THIRD BOOK 


OPTICKS. 


Obſervations concerning the Inflexions of 
the Rays of Light, and the Colours 
made thereby. 


ä RIMALDO has inform'd us, that 
Ne if a beam of the Sun's Light be let in- 
os dark Room 8 a very ſmall 

— hole, the Shadows of things in this 
Light will be larger than they ought to be is 

the Rays went on by the Bodies in ſtrait Lines, 
| and 


ED 


and that theſe Shadows have three parallel 
Fringes, Bands or Ranks of colour d Light ad- 
jacent to them. But if the Hole be enlarged 
the Fringes grow broad and run into one ano- 
ther, ſo that they cannot be diſtinguiſh'd. Theſe 
broad Shadows and Fringes have been reckon'd 
by ſome to proceed from the ordinary refraction 
of the Air, but without due examination of the 
Matter. For the circumſtances of the Pheno- 
menon, ſo far as I have obſerved them, are as 
follows. | 

O#/. 1. T made in a piece of Lead a ſmall 
Hole with a Pin, whoſe breadth was the 42d 
part of an Inch. For 21 of thoſe Pins laid to- 
gether took up the breadth of half an Inch. 
Through this Hole I let into my darken'd 
Chamber a beam of the Sun's Light, and found 
that the Shadows of Hairs, 'Thred, Pins, Straws, 
and ſuch like lender Subſtances placed in this 
beam of Light, were conſiderably broader than 
they ought to be, if the Rays of Light paſſed 
on by theſe Bodies in right Lines. And parti- 
cularly a Hair of a Man's Head, whoſe breadth 
was but the 28oth part of an Inch, being held in 
this Light, at the diſtance of about twelve Feet 
from the Hole, did caſt a. Shadow which at the 
diſtance of four Inches from the Hair was the 
ſixtieth part of an Inch broad, that is, above 
four times broader than the Hair, and at the di- 
ſtance of two Feet from the Hair was about the 
eight and twentieth part of an Inch broad, that 
is, ten times broader than the Hair, and at the 
diſtance of ten Feet was the eighth part of an 

Inch broad, that is 35 times broader. 
| 3 Nor 
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Nor is it material whether the Hair be en- 
compaſſed with Air, or with any other pellucid 
Subſtance. For I wetted a poliſh'd Plate of 
Glaſs, and laid the Hair in the Water upon the 
Glaſs, and then laying another poliſh'd Plate of 
Glaſs upon it, ſo that the Water might fill up 
the ſpace between the Glaſſes, I held them in 
the aforeſaid beam of Light, fo that the Light 
might paſs through them perpendicularly, and 
the Shadow of the Hair was at the ſame di- 
ſtances as big as before. The Shadows of 
Scratches made in poliſh'd Plates of Glaſs were 
alſo much broader than they ought to be, and 
the Veins in poliſh'd Plates of Glaſs did alſo caſt 
the like broad Shadows. And therefore the 
great breadth of theſe Shadows proceeds from 
ſome other cauſe than the Refraction of the 
Air. 7 . 

Let the Circle X [in Fig. 1,] repreſent the 
middle of the Hair; ADG, BEH, CFI, 
three Rays paſſing by one fide of the Hair at 
ſeveral diſtances; KNQ, LOR, MPS, three 
other Rays paſſing by the other fide of the Hair 
at the like diſtances; D, E, F, and N, O, P, the 
places where the Rays are bent in their paſ- 
ſage by the Hair; G, H, I, and Q,R, 8, the 
places where the Rays fall on a Paper GQ; 


1s the breadth of the Shadow of the Hair caſt 


on the Paper, and TI, VS, two Rays paſſing 
to the Points I and 8 without bending when 
the Hair is taken away. And it's manifeſt that 
all the Light between theſe two Rays TI and 
VS is bent in paſſing by the Hair, and turned 
alide from the Shadow 18, becauſe if any = 

of 
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of this Light were not bent it would fall on the 


Paper within the Shadow, and there illuminate 
the Paper, contrary to experience. And becauſe 
when the Paper is at a great diſtance from the 
Hair, the Shadow is broad, and therefore the 
Rays TI and VS are at a great diſtance from 
one another, it follows that the Hair acts upon 
the Rays of Light at a good diſtance in their paſ- 
fing by it. But the Action is ſtrongeſt on the 
Rays which paſs by at leaft diſtances, and 
grows weaker and weaker accordingly as the 
Rays pals by at diſtances greater and greater, as 
is repreſented in the Scheme : For thence it 
comes to paſs, that the Shadow of the Hair is 
much broader in proportion to the diſtance of the 
Paper from the Hair, when the Paper is nearer 
the Hair, than when it is at a great diſtance 
from it. 

O 2. The Shadows of all Bodies (Metals, 
Stones, Glafs, Wood, Horn, Ice, &c.) in this 
Light were border'd with three Parallel Fringes 
or Bands of colour'd Light, whereof that which 
was contiguous to the Shadow was broadeſt 
and moſt luminous, and that which was remo- 
teſt from it was narroweft, and ſo faint, as not 
_ eafily to be viſible. It was difficult to diſtinguiſh 
the Colours, unleſs when the Light fell very ob- 

ly upon a ſmooth Paper, or ſome other 
finooth white Body, ſo as to make them appear 
much broader than they would otherwiſe do. 
And then the Colours were plainly viſible in 
this Order : The firſt or innermoſt Fringe was 
violet and deep blue next the Shadow, and then 


light blue, green, and yellow in the middle, and 
4 1 red 
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red without. The ſecond Fringe was almeft 
contiguous to the firſt, and the third to the ſe- 
cond, and both were blue within, and yellow and 
red without, but their Colours were very faint, 
eſpecially thoſe of the third. The Colours there- 
fore proceeded in this order from the Shadow; 
violet, indigo, pale blue, green, yellow, red; 
blue, yellow, red; pale blue, pale yellow and 
red. The Shadows made by Scratches and 
Bubbles in poliſh'd Plates of Glaſs were bpr- 
der'd with the like Fringes of colour'd Light. 
And if Plates of Looking-glaſs floop'd off near 
the edges with a Diamond-cut, be held in the 
ſame beam of Light, the Light which paſles 
through the parallel Planes of the Glaſs will be 
border'd with the like Fringes of Colours where 
thoſe Planes meet with the Diamond-cut, and 
by this means there will ſometimes appear four 
or five Fringes of Colours. Let AB, CD [in 
Fig. 2.] repreſent the parallel Planes of a Look- 
ing-glaſs, and BD the Plane of the Diamond- 
cut, making at B a very obtuſe Angle with the 
Plane AB. And let all the Light between the 
Rays ENI and FBM paſs directly through the 
oe Planes of the Glaſs, and fall upon the 
aper between I and M, and all the Light be- 
tween the Rays GO and HD be nated by 
the oblique Plane of the Diamond-cut' BD, 
and fall upon the Paper between K and L; 
and the Light which paſſes directly through the 
parallel Planes of the Glaſs, and falls upon the 
Paper between I and M, will be border d with 
three or more Fringes at M, 
So 
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So. by looking on the Sun through a Feather 
or black Ribband held cloſe to the Eye, ſeveral 
Rain-bows will appear ; the Shadows which the 
Fibres or Threds caſt on the Tunica Retina, 
being border d with' the like Fringes of Co- 
lours. 

Ob/. 3. When the Hair was twelve Feet diſtant 
from this Hole, and its Shadow fell obliquely 
upon a flat white Scale of Inches and Parts of an 
Inch placed half a Foot beyond it, and alſo when 
the Shadow fell perpendicularly upon the ſame 
Scale placed nine Feet beyond it; I meaſured the 
breadth of the Shadow and Fringes as accu- 
rately as I could, and found them in Parts of an 
Inch as follows. 


ss OPFTEFCE:S. 
F half a [Nime| 
At the Diſtance of | 77 F Feet 
he Fan, of the Shadow N. of 
He breadth between the Middle es| 
of the brighteſt Light of the in- Py £99 
nermoſt Fringes on either ſide * or 5 12 
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he breadth between the Middles| = | 
of the brigixeſt Light of thy 1 | 4 | 
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of the brighteſt Light of theft or 3 
outmoſt Fringes on either ſideſ WS | 
the Shadow-. 1 
The diſtance between the Middles| | J 
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and ſecond Fringes 3 
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of the brighteſt Light of the ſe-} r | iT 
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Theſe Meaſures I took by letting the Shadow 
of the Hair, at half a Foot diſtance, fall ſo ob- 
liquely on the Scale, as to appear twelve times 
broader than when it fell perpendicularly on it 
at the ſame diſtance, and ſetting down in this 
Table the twelfth part of the Meaſures I then 
took. _ | | 
O,. 4. When the Shadow and Fringes were 
caſt obliquely upon a ſmooth white Body, and 
that Body was removed farther and farther 
from the Hair, the firſt Fringe began to appear 
and look brighter than the reſt of the Light 
at the diſtance of leſs than a quarter of an Inch 
from the Hair, and the dark Line or Shadow 
between that and the ſecond Fringe began to 
appear at a leſs diſtance from the Hair than that 
of the third part of an Inch. The ſecond Fringe 
began to appear at a diſtance from the Hair of 
leſs than half an Inch, and the Shadow between 
that and the third Fringe at a diſtance leſs than 
an Inch, and the third Fringe at a diſtance leſs 
than three Inches. At greater diſtances they 
became much more ſenſible, but kept very 
nearly the ſame proportion of their bread 
and intervals which they had at their firſt 
pearing. For the diſtance between the middle 
of the firſt, and middle of the ſecond Fringe, 
was to the diſtance between the middle of the 
ſecond and middle of the third Fringe, as three 
to two, or ten to ſeven, And the laſt of theſe 
two diſtances was equal to the .breadth of the 
bright Light or luminous part of the firſt Fringe. 
And- this breadth was to the breadth of the 
bright Light of the ſecond Fringe as N to 

h our, 
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four, and to the dark Interval of the firſt and 


ſecond Fringe as three to two, and to the like 
dark Interval between the ſecond and third as 
two to one. For the breadths of, the Fringes 
ſeem'd to be in the progreſſion of the Numbers 
1, / v5, and their Intervals to be in the 
ſame progreſſion with them; that is, the Frin- 
ges and their Intervals together to be in the 
continual progreſſion of the Numbers 1, /, yz, 
% +, or thereabouts. And theſe Proportions 
held the-ſame very nearly at all diſtances frony 
the Hair ; the dark. Intervals of the Fringes be- 
ing as broad in proportion to the breadth of the 
Fringes at their firſt appearance as afterwards at 
great diſtances ffom the Hair, though not ſo dark 
and diſtinct. h 
Ob/. 5. The Sun ſhining into my darken'd 
Chamber through a hole a quarter of an Inch 
broad, I placed at the diſtance of two or three 
Feet from the Hole a Sheet of Paſteboard, which 
was black'd all over on both ſides, and in the 
middle of it had a hole about three quarters 
of an Inch ſquare for the Light to paſs through. 
And behind the hole I faſten'd to the Paſte- 
board with Pitch the blade of a ſharp Knife, to 


eas ſome part of the Light which paſſed 


through the hole. The Planes of the Paſte- 
; no and blade of the Knife were parallel to 
ne another, and perpendicular to the Rays. 
And when they were ſo placed that none of 
the Sun's Light fell on the Paſtcboard,, but all of 
it paſſed through the hole to the Knife, and there 
part of it fell upon the blade of the Knife, and 
part of it paſſed by its edge; I let this part — 
e 
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the Light which paſſed by, fall on a white Pa- 
per two or three Feet beyond the Knife, and 
there ſaw two ſtreams of faint Light ſhoot out 
both ways from the beam of Light into the ſha- 
dow, like the Tails of Comets. But becauſe the 
Sun's direct Light by its brightneſs upon the 


Paper obſcured theſe faint ſtreams, ſo that I 


could ſcarce ſee them, I made a little hole in 
the midſt of the Paper for that Light to paſs 
through and fall on a black Cloth behind it; 
and then I ſaw the two ſtreams plainly. They 
were like one another, and pretty nearly equal 
in length, and breadth, and quantity of Light. 
Their Light at that end next the Sun's direct 
Light was pretty ſtrong for the ſpace of about 
a quarter of an Inch, or half an Inch, and in all 
its progreſs from that dire& Light decreaſed 
gradually till it became inſenſible. The whole 
length of either of theſe ſtreams meaſured up- 
on the Paper at the diſtance of three Feet from 
the Knife was about ſix- or eight Inches; ſo that 
it ſubtended an Angle at the edge of the Knife 
of about 10 or 12, or at moſt 14 Degrees. Vet 
ſometimes I thought I ſaw it ſhoot three or four 
Degrees farther, but with a Light ſo very faint 
that I could ſcarce perceive it, and ſuſpected it 
might 4 ſome meaſure at leaſt) ariſe from 
ſome other cauſe than the two ſtreams did. For 
placing my Eye in that Light beyond the end 
of that ſtream which was behind the Knife, and 
looking towards the Knife, I could ſee a line of 
Light upon its edge, and that not only when 
my Eye was in the line of the Streams, but al- 
ſo when it was without that line either towards 
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the point of the Knife, or towards the handle. 
This line of Light appear'd contiguous to the 
edge of the Knife, and was narrower than the 
Light of the innermoſt Fringe, and narroweſt 
when my Eye was fartheſt from the dire& Light, 
and therefore ſeem'd to paſs between the Light 
of that Fringe and the edge of the Knife, and 
that which paſſed neareſt the edge to be moſt 
bent, though not all of it. p 
Ob/. 6. I placed another Knife by this, fo 
that their edges might be parallel, and look to- 
wards one another, and that the beam of Light 
might fall upon both the Knives, and ſome part 
of it paſs between their edges. And when the 
diſtance of their edges was about the 4ooth 
part of an Inch, the ſtream parted in the mid- 
dle, and left a Shadow between the two parts. 
This Shadow was ſo black and dark that all the 
Light which paſſed between the Knives ſeem'd 
to be bent, and turn'd aſide to the one hand or 
to the other. And as the Knives ſtil] approach'd 
one another the Shadow grew broader, and the 
ſtreams ſhorter at their inward ends which were 
next the Shadow, until upon the contact of the 
Knives the whole Light vaniſh'd, leaving its place 
to the Shadow. | 
And hence I gather that the Light which is 
leaſt bent, and goes to the inward ends of the 
ſtreams, paſſes by the edges of the Knives at 
the greateſt diſtance, and this diſtance when 
the Shadow begins to appear between the 
ſtreams, is about the 8ooth part of an Inch. And 
the Light which paſſes by the edges of the 
Knives at diſtances ſtill leſs and leſs, is more and 
| more 
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more bent, and goes to thoſe parts of the 
ſtreams which are farther and farther from the 
direct Light; becauſe when the Knives approach 
one another till they touch, thoſe parts of the 
ſtreams vaniſh laſt which. are fartheſt from the 
dire& Light. 

Ob/. 7. In the fifth Obſervation the Fringes 
did not appear, but by reaſon of the breadth of 
the hole in the Window became ſo broad as to run 
into one another, and by joining, to make one 
continued Light in the beginning of the ſtreams. 
But in the ſixth, as the Knives approached one 
another, a little before the Shadow appeared 
between the two ſtreams, the Fringes began 
to appear on the inner ends of the Streams on 
either ſide of the direct Light; three on one 
ſide made by the edge of one Knife, and three 
on the other ſide made by the edge of the o- 
ther Knife. They were diſtincteſt when the 
Knives were placed at the greateſt diſtance from 
the hole in the Window, and ſtill became more 
diſtinct by making the hole leſs, inſomuch that 
I could ſometimes ſee a faint lineament of a 
fourth Fringe beyond the three above men- 
tion'd, And as the Knives continually ap- 
proach'd one another, the Fringes grew - di- 
ſtincter and larger, until they vaniſh'd, The 
outmoſt Fringe vaniſh'd firſt, and the middle- 
molt next, and the innermoſt laſt. And after 
they were all vaniſh'd, and the line of Light 
which was in the middle between them was 
grown very broad, enlarging it ſelf on both fides 
into the ſtreams of Light deſcribed in the fifth 
Obſervation, the above-mention'd Shadow be- 

I gan 
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gan to appear in the middle of this line, and 


divide it along the middle into two lines of 
Light, and increaſed until the whole Light va- 


niſn'd. This enlargement of the Fringes was 
ſo great that the Rays. which go to the inner- 
moſt Fringe ſeem'd to be bent above twenty 
times more when this Fringe was ready to va- 
niſh, than when one of the Knives was taken 


away. 


And from this and the former Obſervation 


compared, I gather, that the Light of the firſt 
Fringe paſſed by the edge of the Knife at a di- 
ſtance greater than the 8ooth part of an Inch, 
and the Light of the ſecond Fringe paſſed by 


the edge of the Knife at a greater diſtance than 


the Light of the firſt Fringe did, and that of 


the third at a greater diſtance than that of the 


ſecond, and that of the ſtreams of Light deſcri- 
bed in the fifth and fixth Obſervations paſſed by 
the edges of the Knives at leſs diſtances than that 
of any of the Eringes. 

Ob/J.8. I cauſed the edges of two Knives 
to be ground truly ſtrait, and pricking their 

oints into a Board ſo that their edges might 
OT towards one another, and meeting near 
their points contain a rectilinear Angle, I faſten'd 
their Handles together with Pitch to make this 
Angle invariable. The diſtance of the edges of 
the Knives from one another at the diſtance of 
four Inches from the angular Point, where the 
edges of the Knives met, was the eighth part 
of an Inch; and therefore the Angle contain'd 


by the edges was about one Degree 54'. The 


Knives thus fix d together I placed in a 1. 
0 
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of the Sun's Light, let into my darken'd Cham- 
ber through a Hole the 42d Part of an Inch wide, 
at the diſtance of 10 or 15 Feet from the Hole, 
and let the Light which paſſed between their edges 
fall very obliquely upon a ſmooth white Ruler at 
the diſtance of alf an Inch, or an Inch from 
the Knives, and there ſa the Fringes by the 
two edges of the Knives run along the edges of 
the Shadows of the Knives in Lines parallel to 


. thoſe edges without growing ſenſibly broader, 


till they met ih Angles equal to the Angle 
contained by the edges of 

where they met and joined they ended without 
croſſing one another. But if the Ruler was 
held at a much greater diſtance from the 


Knives, the Fringes where they were farther / 


from the Place of their Meeting, were a little 
narrower, and became ſomething broader and 
broader as they approach'd nearer and nearer ta 
one another, and after they met they croſs'd 
one another, and then became much broader 
than before. NTT | 

Whence I gather that the diſtances at which 


the Fringes paſs by the Knives are not increaſed 


nor alter'd by the approach of the Knives, but 


the Angles in which the Rays are there bent 


are much increaſed by that approach; and that 
the Knife which is neareſt any Ray determines 


the Knives, and 


which way the Ray ſhall be bent, and the other 


Knife increaſes the bent. 
OB/. g. When the Rays fell very obliquely 
upon the Ruler at the diſtance of the third Part 
of an Inch from the Knives, the dark Line bes 
tween the firſt and ſecond Fringe of the = 
g X | W 
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dow of one Knife, and the dark Line between 
the firſt and ſecond Fringe of the Shadow of 
the other Knife met with one another, at the 
diſtance of the fifth Part of an Inch from the 
end of the Light which paſſed between the 
Knives at the concourſe of their edges. And 
therefore the diſtance of the edges of the Knives 
at the meeting of theſe dark Lines was the 160th 
Part of an Inch. For as four Inches to the 
eighth Part of an Inch, ſo is any Length of the 
edges of the Knives meaſured from the point 
af their concourſe to the diſtance of the edges 
of the Knives at the end of that Length, and ſo 
is the fifth Part of an Inch to the 16oth Parr. 
So then the dark Lines above-mention'd meet 
in the middle of the Light which paſſes be- 
tween the Knives where they are diſtant the 
160th Part of an Inch, and the one half of that 
Light paſles by the edge of one Knife at a di- 
ſtance not greater than the 32oth Part of an 
Inch, and falling upon the Paper makes the 
Fringes of the Shadow of that Knife, and the 
other half paſſes by the edge of the other Knife, 
at a diſtance not greater than the 320th Part of 
an Inch, and falling upon the Paper makes the 
Fringes of the Shadow of the'other Knife. But 
if the Paper be held at a diſtance from the 
Knives greater than the third Part of an Inch, 
the dark Lines above-mention'd meet at a greater 
diſtance than the fifth Part of an Inch from 
the end of the Light which paſſed between the 
Knives at the concourſe of their edges; and 
«herefore the Light which falls upon the Paper 


where thoſe dark Lines meet paſſes between the 
„% Oo 
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Knives where the edges are diſtant above che 
160th part of an Inch. 

Fot at another time, when the two Knol 
were diſtant eight Feet and five Inches from the 
lictle hole in the Window, made with a ſmall 
Pin as above, the Light which fell upon the Pa- 
per where the aforeſaid dark lines met, paſſed 
berween the Knives, where the diſtance between 
cheir edges was as in the following Table, when 
the diftance of the Paper from the Knives was 
alſo as follows. - 


Diftances of the Paper Diſtances between the 
from the Nin ves in edges of the Knives i 
Inches. . | | millefimal parts of an 

| | | Inch. | 

12. r | 
1. oo o 
| Bt 0'034 | 
| 3a. oog | 
1292 96. o‚o81 
n DS... 


And hence I gather, that the Light which 

makes the Fringes upon the Paper is not the 
ſame Light at all diſtances of the Paper from 
the Knives, but when the Paper is held near 
the Knives, the Fringes are made by Light 
which paſſes by the edges of the Knives at a 
leſs diſtance, and is more bent than when the 
Paper is held at a greater diſtance from * 


Knives. 
1 05%. 
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Ob. 10. When the Fringes of the Shadows 
of the Knives fell perpendicularly upon a Paper 
at a great diſtance from the Knies, they were 
in the form of Hyperbola's, and their Dimen- 
ſions were as follows. Let CA, CB [in Fig. 3.] 
repreſent Lines drawn upon the Paper parallel 
to the edges of the Knives, and between which 
all the Light would fall, if it paſſed between 
the edges of the Knives without inflexion; DE 
a Right Line drawn through C making the An- 
gles ACD, BCE, equal to one another, and 
.. terminating all the Light which falls upon the 

Paper from the point where the edges of the 

Knives meet; eis, Ft, and glv, three hyper- 

bolical Lines repreſenting the Terminus of the 

Shadow of one of the Knives, the dark Line 

berween the firſt and ſecond Fringes of that 

Shadow, and the dark Line between the ſecond 

and third Fringes of the ſame Shadow; xp, yg, 

and 2/7, three other hyperbolical Lines repre- 
ſenting the Terminus of the Shadow of the.other 

Knife, the dark Line between the firſt and ſecond 

Fringes of that Shadow, and the dark line be- 

tween the ſecond and third Fringes of the ſame 

Shadow. And conceive that theſe three Hyper- 

bola's are like and equal to the former three, and 

croſs them in the points i, &, and i, and that the 
_ Shadows of the Knives are terminated and diſtin- 
euiſh'd from the firſt luminous Fringes by the 
lines ezs and x ip, until the meeting and croſ- 
ſing of the Fringes, and then thoſe lines croſs 
the Fringes in the form of dark lines, termina- 
ting the firſt luminous Fringes within fide, and 
diſtinguiſhing them from another Light which | 
| | begins 
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begins to appear at 1, and illuminates all the 
triangular ſpace i pDEs comprehended' by theſe 
dark lines; and the right line DE. Of theſe 
Hyperbola's one Aſymptote is the line DE, and 
their other Aſymptotes are parallel to the lines 
CA and CB. Let rv repreſent a line drawn - 
any where upon the Paper parallel to the Aſym- 
ptote DE, and let this line croſs the right lines 
AC inm, and BC in », and the fix dark hy- 
rbolical lines in p, 9, 7; 5, t, v; and by mea- 
ſuring the diſtances ps, t, v, and thence 
collecting the lengths of the Ordinates p, 7 9, 
nr or ms, mt, mv, and doing this at ſeveral 
diſtances of the line rv from the Aſymptote DD, 
you may find as many points of theſe Hyperbo- 
la's as 2 pleaſe, and thereby know that theſe 
curve lines are Hyperbola's differing little from 
the conical Hyperbola. And by meaſuring the 
lines Cz, Ck, C, you may find other points of 

theſe Curves. | 
For inſtance; when the Knives were diſtant 
from the hole in the Window ten Feet, and the 
Paper from the Knives nine Feet, and the An- 
gle contained by the edges of the Knives to 
which the Angle ACB is equal, was ſubtend- 
ed by a Chord which was to the Radius as 1 
to 32, and the diſtance of the line 7 v from the 
Aſymptote D E was half an Inch: I meaſured 
the lines * qt, rv, and found them o' 35, 
o'65, 0'98 Inches reſpectively; and by adding 
to their halfs the line 1 hn, ( which here was 
the 128th part of an Inch, or 0'0078 Inches,) the 
Sums np, 2q, nr, were 0'1828, 9'3328, o 4978 
Inches. I meaſured alſo the diſtances of the 
X 3 brighteſt 
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brighteſt parts of the Fringes which run between 

| pg and st, gr and t v, and next beyond 7 and v, 
and found enen o'8, and 1'17 Inches. 

Ob/. 11. - The Sun ſhining into my darken'd 
Room: through a ſmall round hale made in a 
| Plate of Lead with a ſlender Pin, as above; I 
| placed at the hole a Priſm to refra& the Light, 
11 and form on the oppoſite Wall the Spectrum 

| 


of Colours, deſcribed in, the third Experiment 
of the firſt Book. And then I found that. the 
Shadows of all Bodies held in the colour'd 
Light berween the Friſm and the Wall, were 
border'd with Friages of the Colour of that 
Light in which they were held. In the full red 
Light they. were totally red without any ſenſi- 
ble blue or. violet, and in the deep blue Light 
they were totally blue without any ſenſible red 
or yellow; and ſo in the green Light they were 
totally green, excepting a little yellow and blue, 
which were mixed in the green Light of the 
Priſm. And comparing the Fringes made in 
the ſeveral colour'd Lights, I found that thoſe 
made in the red Light were largeſt, thoſe 
made in the violet were leaſt, and thoſe made 
in the green were of a middle bigneſs. 'For 
the Fringes with which the Shadow of a Man's 
Hair were bordered, being meaſured croſs the 
Shadow at the diſtance of ſix Inches from the 
Hair, the diſtance between the middle and moſt 
luminous part of the firſt or innermoſt Fringe 
on one ſide of the Shadow, and that of the like 
Fringe om che other fide of the Shadow, was in 


the full red Light in of an Inch, and in the full 
A . violet 
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violet vy. And the like diſtance between the 
middle and moſt luminous parts of the ſecond 
Fringes on either ſide the Shadow was in the full 
red Light , and in the violet +7 of an Inch. 
And theſe diſtances of the Fringes held the ſame 
proportion at all diſtances from the Hair withour 
any ſenſible variation. 

So then the Rays which made theſe Fringes - 
in the red Light paſſed by the Hair at a greater 
diſtance than thoſe did which made the like 
Fringes- in the violet; and therefore the Hair 
in. cauſing theſe Fringes acted alike upon the 
red Light or leaſt refrangible Rays at a greater 
diſtance, and upon the violet or moſt refrangi- 
ble Rays at a lels diſtance, and by thoſe actions 
diſpoſed the red Light into larger Fringes, and 
the violet into ſmaller, and the Lights of inter- 
mediate Colours into Fringes of intermediate big- 
neſſes without changing the Colour of any forr, 
of Light. Ws 

When therefore the Hair in the firſt and ſe- 
cond of theſe Obſervations was held in the 
white beam of the Sun's Light, and caſt a Sha- 
dow which was border'd with three Fringes of 
coloured Light, thoſe Colours aroſe not from 
any new modifications impreſs'd upon the Rays 
of Light by the Hair, but only from the vari- 
ous inflexions whereby the ſeveral Sorts of Rays 
were ſeparated from one another, which before 
| ſeparation, by the mixture of all their Colours, 
compoſed the white beam of the Sun's Light, 
but whenever ſeparated compoſe Lights of the 
ſeveral Colours which they are originally diſpo- 
ſed to exhibit, In this 11th Obſervation, where 
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the Colours are ſeparated before the Light paſ- 


ſes by the Hair, the leaſt refrangible Rays, which 
when ſeparated from the reſt make red, were 
inflected at a greater diſtance from the Hair, ſo 
as to make three red Fringes at a greater di- 
ſtance from the middle of the Shadow of the 
Hair; and the moſt refrangible Rays which 
when ſeparated make violet, were inflected at 
a leſs diſtance from the Hair, ſo as to make 
three violet Fringes at a leſs diſtance from the 
middle of the Shadow of the Hair. And other 
Rays of intermediate degrees of Refrangibility 
were inflected at intermediate diſtances from 
the Hair, ſo as to make Fringes of intermediate 
Colours at intermediate diſtances *from the mid- 


dle of the Shadow of the Hair. And in the 


ſecond Obſervation, where all the Colours are 
mix'd in the white Light which paſſes by the 
Hair, theſe Colours are ſeparated by the vari- 
ous inflexions of the Rays, and the Fringes 


which they make appear all together, and the 


innermoſt Fringes being contiguous make one 
broad Fringe compoſed of all the Colours in 
due order, the violet lying on the infide of the 
Fringe next the Shadow, the red on the out- 
fide fartheſt from the Shadow, . and the blue, 
green, and yellow, in the middle. And, in like 
manner, the middlemoſt Fringes of all the Co- 
lours lying in order, and being contiguous, 
make another broad Fringe compoſed of all the 
Colours; and the outmoſt Fringes of all the 
Colours lying in order, and being contiguous, 
make a third broad Fringe compoſed of all the 
Colours, Theſe are the three Fringes jy * 
our 
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lour'd Light with which the Shadows of all Bo- 
dies are border'd in the ſecond Obſervation. 

When I made the foregoing Obſervations, I 
deſign'd to repeat moſt of them with more care 
and exactneſs, and to make ſome new ones for 
determining the manner how the Rays of Light 
are bent in their paſſage by Bodies, for making 
the Fringes of Colours with the dark lines be- 
tween them. But I was then interrupted, and 
cannot now think of taking theſe things into far- 
ther Conſideration. And fince I have not finiſh'd 
this part of my Deſign, I ſhall conclude with 
propoſing only ſome Queries, in order to a far- 
ther ſearch to be made by others. 


Query 1, Do not Bodies act upon Light ar 
a diſtance, and by their action bend its Rays; and 
is not this action ( cæteris paribus ) ſtrongeſt at 
the leaſt diſtance ? | 
24.2. Do not the Rays which differ in Re- 
frangibility differ alſo in Flexibity; and are they 
not by their different Inflexions ſeparated from 
one another, ſo as after ſeparation to make the 
Colours in the three Fringes above deſcribed ? 
And after what manner are they inflected to make 
thoſe Fringes? | | Is 
2. 3 Are not the Rays of Light in paſſing 
by the edges and ſides of Bodies, bent ſeveral 
times backwards and forwards, with a motion 
like that of an Eel? And do not the three Frin- 
ges of colour'd Light above-mention'd ariſe from 
three ſuch bendings ? 
2. 4. Do nor the Rays of Light which fall 
upon Bodies, and are reflected or refracted, be- 
” gin 
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gin to hend before they arrive at the Bodies; and. 
are they not reflected, refracted, and inflected, 
by one and the ſame Principle, acting variouſly 
in various Circumſtances ? 

24. 5. Do not Bodies and Light act mutually. 
upon one another; that is to ſay, Bodies upon 
Light in emitting, reflecting, refracting and in- 
flecting it, and Light upon Bodies for heating 
them, and putting their parts into a vibrating 
motion wherein heat conſiſts ? | 

24.6. Do not black Bodies conceive heat 
more eaſily from Light than thoſe of other Co- 
lours do, by reaſon that the Light falling on them 
is not reflected outwards, but enters the Bodies, 
and is often reflected and refracted within them, 
until it be ſtifled and loſt ? 

Q. 7. Is not the ſtrength and vigor of the 
action between Light and ſulphureous Bodies ob- 
ſerved above, one reaſon why ſulphureous Bodies 
take fire more readily, and burn more vehement- 
ly than other Bodies do ? | 

Av. 8. Do not all fix'd Bodies, when heated 
beyond a certain degree, emit Light and ſhine ; 
and is not this Emiſſion perform'd by the vi- 
brating motions of their parts? And do not all 
Bodies which abound with terreſtrial parts, and 
eſpecially with fulphureous ones, emit Light 
as often as thoſe parts are ſufficiently agitated ; 
whether that agitation bs made by Heat, or by 
Friction, or Percuſſion, or Putrefaction, or by 
any vital Motion, or any other Cauſe? As for 
inſtance ; .Sea-Water in a raging Storm ; Quick- 
filver agitated in vacuo; the Back of a Car, or 
Neck of a Horſe, obliquely ſtruck or ogy” . 

a 
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a dark place; Wood, Fleſh and Fiſh while they 
putrefy ; Vapours ariſing from putrefy'd Wa- 
ters, uſually call'd Ignes Fatui; Stacks of moiſt 
Hay or Corn growing hot by fermentation ; 
Glow-worms and the Eyes of ſome Animals by 
vital Motions; the vulgar Phoſphorus agitated 
by the attrition of any Body, or by the acid 
Particles of the Air; Amber and ſome Dia-. 
monds by ſtriking, preſſing or rubbing them; 
Scrapings of Steel ſtruck off with a Flint; Iron 
hammer'd very nimbly till it become ſo hot as 
to kindle Sulphur thrown upon it; the Axle- 
trees of Chariots taking fire by the rapid rota- 
tion of the Wheels; and ſome Liquors mix'd 
with one another whoſe Particles come toge- 
ther with an Impetus, as Oil of Vitriol diſtilled 
from its weight of Nitre, and then mix'd with 
twice its weight of Oil of Anniſeeds. So alſo a 
Globe of Glaſs about 8 or 10 Inches in diameter, 
being put into a Frame where it may be ſwiftly 
turn d round its Axis, will in turning ſhine 
where it rubs againſt the palm of ones Hand 
apply d to it: And if at the ſame time a piece 
of white Paper or white Cloth, or the end of 
ones Finger be held at the diſtance of about a 
quarter of an Inch or half an Inch from that 
part of the Glaſs where it is moſt in motion, 
the electrick Vapour which is excited by the 

friction of the Glaſs againſt the Hand, will by 
daſhing againſt the white Paper, Cloth or Fins 
ger, be put into ſuch an agitation as to emit 
Light, and make the white Paper, Cloth or Fin- 
ger, appear lucid. like a Glow-worm ; and in 
ruſhing out of the Glaſg will ſometimes puſh 


| againſt 


len 
againſt the Finger ſo as to be felt. And the ſame 
things have been found by rubbing a long and 
large Cylinder of Glaſs or Amber with a Paper 
held in ones hand, and continuing the friction till. 
the Glaſs grew warm. | 
2x. 9. Is not Fire a Body heated ſo hot as to 
emit Light copiouſly? For what elſe is a red hot 


Tron than Fire? And what elſe is a burning Coal 


than red hot Wood ? 

24. 10. Is not Flame a Vapour, Fume or Ex- 
halation heated red hot, that is, ſo hot as ta 
ſhine? For Bodies do not flame without emit- 
ting a copious Fume, and this Fume burns in 
the Flame. The Ignis Fatuus is a Vapour ſhi- 
ning without heat, and is there not the ſame 
difference between this Vapour and Flame, as 
berween rotten Wood ſhining without heat and 
burning Coals of Fire? In diſtilling hot Spirits, 
if the Head of the Still be taken off, the Va- 
pour which aſcends out of the Still will take fire 
at the Flame of a Candle, and turn into Flame, 


and the Flame will run along the Vapour from 


the Candle to the Still. Some Bodies heated by 
Motion or Fermentation, if the heat grow in- 
tenſe, fume copiouſly, and if the heat be great 
enough the Fumes will ſhine and become Flame. 
Metals in fuſion do not flame for want of a co- 
pious Fume, except Spelter, which fumes co- 
piouſly, and thereby flames. All flaming Bo- 
dies, as Oil, Tallow, Wax, Wood, foſſil Coals, 
Pitch, Sulphur, by flaming waſte and vaniſh in- 
to burning Smoke, which Smoke, if the Flame 
be put out, is very thick and viſible, and ſome- 
times ſmells ſtrongly, but in the Flame loſes - 
| {me 
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ſmell by burning, and according to the nature 
of the Smoke the Flame is of ſeveral Colours, 
as that of Sulphur blue, that of Copper open'd 
with ſublimate green, that of Tallow yellow, 
that of Camphire white. Smoke paſſing through 
Flame cannot but grow red hot, and red hot 
Smoke can have no other appearance than that 
of Flame. When Gun- powder takes fire, it 
goes away into flaming Smoke. For the Char- 
coal and Sulphur eaſily take fire, and ſet fire to 
the Nitre, and the Spirit of the Nitre being 
thereby rarified into Vapour, ruſhes out with 
Exploſion much after the manner that the Va- 
pour of Water ruſhes out of an /Eolipile; the 
Sulphur alſo being volatile is converted into 
Vapour, and augments the Exploſion. And 
the acid Vapour of the Sulphur (namely that 
which diſtils under a Bell into Oil of Sulphur,) 
entring violently into the fix d Body of the Ni- 
tre, ſets looſe the Spirit of the Nitre, and ex- 
cites a great Fermentation, whereby the Heat 
is farther augmented, and the fix d Body of the 
Nitre is alſo rarified into Fume, apd the Explo- 
ſion is thereby made more vehement and quick. 
For if Salt of Tartar be mix'd with Gun-pow- 
der, and that Mixture be warm'd till it takes 
fire, the Exploſion will be more violent and 
quick than x 8 of Gun-powder alone; which 
cannot proceed from any other cauſe than the 
action of the Vapour of the Gun- powder upon 
the Salt of Tartar, whereby that Salt is rarified. 
The Exploſion of Gun-powder ariſes therefore 
from the violent action whereby all the Mixture 
being quickly and vehemently heated, is — 
= ; | an 
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and converted imo Fume and Vapour: which 
Vapour, by the violence of that action, be- 
coming ſo hot as to ſhine, appears in the form of 
Flame. | OE 19] 

. 11; Do not great Bodies conſerve their 
heat the longeſt, their parts heating one ano- 
ther, and may not great denſe. and fix'd Bo- 
dies, when heated beyond a certain degree, e- 
mit Light ſo copiouſly, as by the Emiſſion and 
Re- action of its Light, and the Reflexions and 
Refractions of its Rays within its Pores to grow- 
ſtill hotter, till it comes to a certain period of 
heat, ſuch as is that of the Sun? And are not 
the Sun and fix d Stars great Earths vehemently 
hot, whoſe heat is conſerved by the greatneſs 
of the Bodies, and the mutual Action and Re- 
action between them, and the Light which they 
emit, and whoſe parts are kept from fuming a- 
way, not only by their fixity, but alſo by the 
vaſt weight and denfity of the Atmoſpheres in- 
cumbent upon them; and very ſtrongly com- 

reſſing them, and condenſing the Vapours and 
ons which ariſe from them? For if 
Water be made warm in any pellucid Veſſel 
empried of Air, that Water in the Vacuum will 
bubble and boil as vehemently as it would in 
the open Air in a Veſſel ſer upon the Fire till 
it conceives a much greater heat. For the 
weight of the incumbent Atmoſphere keeps 
down the Vapours, and hinders the Water from 
boiling, until it grow much hotter than is re- 
quiſite to make it boil in vacuo, Alſo a mix- 
ture of Tin and Lead being put upon a red hot 


Iron in_vacuo emits a Fume and Flame, but the 
3 | | ſame. 
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ſame Mixture in the open Air, by reaſon of the 
incumbent Atmoſphere, does not ſo much as e- 
mit any Fume which can be perceived by Sight. 
In like manner the great weight of the Atmo- 
ſphere which lies upon the Globe of the Sun 
may hinder Bodies there from riſing up and 
going away from the Sun in the form of Va- 
pours and Fumes, unleſs by means of a far 
greater heat than that which on the Surface of 
our Earth would very eaſily turn them into Va- 
pours and Fumes. And the ſame great weight 
may condenſe thoſe Vapours. and Exhalations as 
ſoon as they ſhall at any time begin to aſcend 
from the Sun, and make them preſently fall 
back again into him, and by that action increaſe 
his Heat much after the manner that in our 
Earth the Air increaſes the Heat of a culinary 
Fire. And the ſame. weight may hinder tho 
Globe of the Sun from being diminiſh'd, unleſs 
by the Emiſſion of Light, and a very ſmall quan- 
tity of Vapours and Exhalations. 
Qu. 12, Do not the Rays of Light in falling 
upon the bottom of the Eye excite Vibrations 
in the Tunica Retina? Which Vibrations, be- 
ing propagated along the ſolid Fibres of the op- 
tick Nerves into the Brain, cauſe the Senſe of 
ſeeing. For becauſe denſe Bodies conſerve their 
Heat a long time, and the denſeſt Bodies con- 
ſerve their Heat the longeſt, the Vibrations of 
their parts are of a laſting nature, and there- 
fore may be propagated along ſolid Fibres of 
uniform denſe Matter to a great diſtance, for 
conveying into the Brain the impreſſions made 
upon all the Organs of Senſe, For that — 
90S Wie 
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which can continue long in one and the ſame part 
of a Body, can be 3 a long way from 
one part to another, ſuppoſing the Body homo- 
geneal, ſo that the Motion may not be reflected, 
refracted, interrupted or diſorder'd by any un- 
evenneſs of the Body. 
2. 13. Do not ſeveral ſorts of Rays make 
Vibrations af ſeveral bigneſſes, which according 
to their bigneſſes excite Senſations of ſeveral Co- 
lours, much after the manner that the Vibrations 
of the Air, according to their ſeveral bigneſſes 
excite Senſations of ſeveral Sounds? And parti- 
cularly do not the moſt refrangible Rays excite 
the ſhorteſt Vibrations for making a Senſation of 
deep violet, the leaſt refrangible the largeſt for 
making a Senſation of deep red, and the ſeveral 
intermediate ſorts of Rays, Vibrations of ſeveral 
intermediate bigneſſes to make Senſations of the 
ſeveral-intermediate Colours ? 
22. 14, May not the harmony and diſcord of 
Colours ariſe from the proportions of the Vibra- 
. tions propagated through the Fibres of the op- 
tick Nerves into the Brain, as the harmony and 
diſcord of Sounds ariſe from the proportions of 
the Vibrations of the Air? For ſome Colours, if 
they be view'd together, are agreeable to one 
another, as thoſe of Gold and Indigo, and others 
diſagree. 

Qu. 15. Are not the Species of Objects ſeen 
with both Eyes united where the optick Nerves 
meet before they come into the Brain, the Fi- 
bres on the right fide of both Nerves uniting 


there, and after union going thence into the 


Brain in the Nerve which is on the riglit fide of 


the 


B O O K III. 321 


the Head, and the Fibres on the left fide of 
both Nerves uniting in the ſame place, and af- 
ter union going into the Brain in the Nerve 
which is on the left fide of the Head, and theſe 
two Nerves meeting in the Brain in ſuch a r1an- 
ner that their Fibres make but one entire Spe- 
cies or Picture, half of which on the right fide 
of the Senſorium comes from the right ſide of 
both Eyes through the right fide of both op- 
tick Nerves to the place where the Nerves meet, 
and from thence on the right fide of the Head 
into the Brain, and the other half on the left 
ſide of the Senſorium comes in like manner from 
the left fide of both Eyes. For the optick 
Nerves of ſuch Animals as look the ſame wa 
with both Eyes (as of Men, Dogs, Sheep, Oxen, 
Sc.) meet before they come into the Brain, but 
the optick Nerves of ſuch Animals as do not 
look the ſame way with both Eyes (as of Fiſhes, 
and of the Chameleon, ) do not meet, if I am 
rightly inform'd. 

24. 16. When a Man in the dark preſſes either 
corner of his Eye with his Finger, and turns his 
Eye away from his Finger, he will fee a Circle 
of Colours like thoſe in the Feather of a Pea- 
cock's Tail. If the Eye and the Finger remain 
quiet theſe Colours vaniſh in a ſecond Minute of 
Time, but if the Finger be moved with a qua- 
vering Motion they appear again. Do not theſe 
Colours ariſe from ſuch Motions excited in the 
bottom of the Eye by the Freſſure and Motion 
of the Finger, as at other tunes are excited 
there by Light for cauſing Viſion? And do not 


| the Motions once excited continue about a Se- 


Y | cond 
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cond of Time before they ceaſe? And when a 
Man by a ſtroke upon his Eye ſees a flaſh of 
Light, are not the like Motions excited in the 
Retina by the ſtroke? And when a Coal of Fire 
moved nimbly in the circumference of a Cir- 
cle, makes the whole circumference appear like 
a Circle of Fire; is it not becauſe the Motions 
excited in the bottom of the Eye by the Rays 
of Light are of a laſting nature, and continue 


till the Coal of Fire in going round returns to 


its former place? And conſidering the laſting- 
neſs of the Motions excited in the bottom of 
the Eye by Light, are they not of a vibrating 
nature ? 

Qu. 17. If a Stone be thrown into ſtagnating 
Water, the Waves excited thereby continue 
ſome time to ariſe in the place where the Stone 
tell into the Water, and are propagated from 
thence in concentrick Circles upon the Surface 
of the Water to great diſtances. And the Vi- 
brations or Tremors excited in the Air by per- 
. cuthon, continue a little time to move from the 
place of percuſſion in concentrick Spheres to 
great diſtances. And in like manner, when a Ray 
of Light falls upon the Surface of any pellucid 
Body, and is there refracted or reflected, may not 
Waves of Vibrations, or Tremors, be thereby 
excited in the refracting or reflecting Medium at 
the point of Ineidence, and continue to ariſe 
there, and to be propagated from thence as long 
as they continue to ariſe and be propagated, when 
they are excited in the bottom of the Eye by the 
Freſſure or Motion of the Finger, or by the Light 
which comes from the Coal of Fire in the Ex- 

periments 
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riments abovemention'd? and are not theſe 
ibrations propagated from the point of Inci- 
dence to great diſtances? And do they not over- 
take the Rays of Light, and by overtaking them 
ſucceſſively, do they not put them into the Fits 
of eaſy Reflexion and eaſy Tranſmiſſion deſcribed 


above? For if the Rays endeavour to recede from 


the denſeſt part of the Vibration, they may be 
alternately accelerated and retarded by the Vi- 
brations overtaking them. 

2. 18. If in two large tall cylindrical Veſ- 
ſels of Glaſs inverted, two little Thermometers 
be ſuſpended ſo as not to touch the Veſſels, and 
the Air be drawn out of one of theſe Veſſels, 


and theſe Veſſels thus prepared be carried out 


of a cold place into a warm one; the Thermo- 
meter in vacuo will grow warm as much, and 
almoſt as ſoon as the Thermometer which is 
not in vacuo. And when the Veſſels are carri- . 


ed back into the cold place, the Thermometer 


in vacuo will grow cold almoſt as ſoon as the 
other Thermometer. Is not the Heat of the 
warm Room convey'd through the Vacuum by 
the Vibrations of a much ſubtiler Medium than 
Air, which after the Air was drawn out remain- 
ed in the Vacuum? And is not this Medium the 
ſame with that Medium by which Light is re- 


fracted and reflected, and by whoſe Vibrations 


Light communicates Heat to Bodies, and is 
put into Fits of eaſy Reflexion and eaſy Tranſ- 
miſſion? And do not the Vibrations of this Me- 
dium in hot Bodies contribute to the intenſeneſs 
and duration of their Heat? And do not hot 


Bodies communicate their Heat to contiguous 
G 1 cold 
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cold ones, by the Vibrations of this Medium 
propagated from them into the cold ones? And 
is not this Medium exceedingly more rare and 
ſubtile than the Air, and exceedingly more ela- 
ſtick and active? And doth it not readily per- 
vade all Bodies? And is it not (by its elaſtick 
force) expanded through all the Heavens? 


2z. 19. Doth not the Refraction of Light 


proceed from the different denſity of this Æthe- 
real Medium in difterent places, the Light re- 


ceding always from the denſer parts of the Me- 


dium? And is not the denſity thereof greater 
in free and open Spaces void of Air and other 
groſſer Bodies, than within the Pores of Wa- 
ter, Glaſs, Cryſtal, Gems, and other compact 


Bodies? For when Light paſſes through Glaſs 


or Cryſtal, and falling very obliquely upon the 
farther Surface thereof is totally reflected, the 
total Reflexion ought to proceed rather'from the 
denſity and vigour of the Medium without and 
beyond the Glaſs, than from the rarity and weak- 
neſs thereof. 

24. 20. Doth not this Æthereal Medium in 
paſſing out of Water, Glaſs, Cryſtal, and other 
compact and denſe Bodies into empty Spaces, 
grow denſer and denſer by degrees, and by that 
means refra& the Rays of Light not in a point, 


but by bending them gradually in curve Lines? 


And doth not the gradual condenſation of this 
Medium extend to ſome diſtance from the Bo- 
dies, and thereby cauſe the Inflexions of the 
Rays of Light, which paſs by the edges of denſe 
Bodies, at ſome diſtance from the Bodies? 


. 
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Qu. 21. Is not this Medium much rarer with- 
in the denſe Bodies of the Sun, Stars, Planets 
and Comets, than in the empty celeſtial Spaces 
between them? And in paſſing from them to 
great diſtances, doth it not grow denſer and 
denſer perpetually, and thereby cauſe the gra- 
vity of thoſe great Bodies towards one another, 
and of their parts towards 'the Bodies; every 
Body endeavouring to go from the denſer parts 
of the Medium towards the rarer? For if this 


Medium be rarer within the Sun's Body than at 


its Surface, and rarer there than at the hun- 


dredth part of an Inch from its Body, and ra- 


rer there than at the fiftieth part of an Inch from 
its Body, and rarer there than at the Orb of 
Saturn; I ſee no reaſon. why the Increaſe of 
denſity ſhould ſtop any where, and not rather 
be continued through all diſtances from the Sun 
to Saturn, and beyond. And though this In- 
creaſe of denſity may at great diſtances be ex- 
ceeding flow, yet if the elaſtick force of this 
Medium be exceeding great, it may ſuffice to 
impel Bodies from the denſer parts of the Me- 
dium towards the rarer, with all that power 
which we call Gravity. And that the elaſtick 
force of this Medium 1s exceeding great, may 
be gather'd from the ſwiftneſs of its Vibrations. 
Sounds move about 1140 Engliſh Feet in a ſe- 


cond Minute of Time, and in ſeven. or eight 
Minutes of Time they move about one hundred 
Engliſh Miles. Light moves from the Sun to 


us in about ſeven or eight Minutes of Time, 
which diſtance is about 70000000 R Engliſb Miles, 
ſuppoſing the horizontal Parallax of the Sun to 

þ be 
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be about 12. And the Vibrations or Pulſes of 
this Medium, that they may cauſe the alternate 
Fits of eaſy Tranſmiſſion and eaſy Reflexion, 
muſt be ſwifter than Light, and by conſequence 
above 700000 times ſwifter than Sounds. And 
therefore the elaſtick force of this Medium, in 
proportion to its denſity, muſt be above 700000 
X 700000 (that is, above 490000000000) times 
greater than the elaſtick force of the Air is in 
proportion to its denſity. For the Velocities of 
the Pulſes of elaſtick Mediums are in a ſubdupli- 
cate Ratio of the Elaſticities and the Rarities of 
the Mediums taken together. 

As Attraction is ſtronger in ſmall Magnets 


than in great ones in proportion to their Bulk, 


and Gravity is greater- in the Surfaces of ſmall 
Planets than in thoſe of great ones in propor- 
tion to their bulk, and ſmall Bodies are agita- 


ted much more by electric attraction than great 


ones; ſo the ſmallneſs of the Rays of Light 
may contribute _y much to the power of 
the Agent by which 
ſo if any one ſhould ſuppoſe that Ætber (like 
our Air) may contain Particles which endeavour 
to recede from one another (for I do not know 
what this ther is) and that its Particles are 
exceedingly ſmaller than thoſe of Air, or-even 
than thoſe of Light: The exceeding ſmallneſs 
of its Particles may contribute to the greatneſs 
of the force by which thoſe Particles may re- 
cede from one another, and thereby make that 
Medium exceedingly more rare and elaſtick 
than Air, and by conſequence exceedingly leſs 
able ta reſiſt the motions of Projectiles, 2 
*  , - Excced- 


they are refracted. And 
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exceedingly more able to preſs upon groſs Bodies, 


by endeavouring to expand it ſelf. 
4. 22. May not Planets and Comets, and all 


and with leſs reſiſtance in this Æthereal Medium 
than in any Fluid, which fills all Space ade- 
quately without leaving any Pores, and by conſe- 
quence is much denſer than Quick-filver or Gold? 
And may not its reſiſtance be ſo ſmall, as to be 
inconſiderable? For inſtance; If this Ather (for 
ſo I will call it) ſhould be ſuppoſed 3 
times more elaſtick than our Air, and above 
owe times more rare; its reſiſtance would 


above 600000000 times leſs than that of Wa- 


ter. And ſo ſmall a reſiſtance would ſcarce 
make any ſenſible alteration in the Motions of 
the Planets in ten thouſand Years. If any one 
would ask how a Medium can be ſo rare, let 
him tell me how the Air, in the upper parts of 
the Atmoſphere, can be above an hundred thou- 
ſand thouſand times rarer than Gold. Let him 


alſo tell me, how an electrick Body can by Fri- 


ction emit an Exhalation ſo rare and ſubtile, and 

et ſo potent, as by its Emiſſion to cauſe no 
ſenſible Diminution of the weight of the ele- 
ctrick Body, and to be expanded through a 
Sphere, whoſe Diameter is above two Feet, and 
yet to be able to agitate and carry up Leaf Cop- 
per, or Leaf Gold, at the diſtance of above a 
Foot from the electrick Body? And how the 
Effluvia of a Magnet can be ſo rare and ſubtile, as 
to paſs through a Plate of Glaſs without any Reſi- 
ſtance or Diminution of their Force, and yet ſo 
potent as to turn a magnetick Needle beyond the 
Glaſs? To. N. 


| groſs Bodies, perform their Motions more freely, 
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Q. 23. Is not Viſion perform'd chiefly by the 
Vibrations of this Medium, excited in the bot- 
tom of the Eye by the Rays of Light, and pro- 
pagatad rough the ſolid, pellucid and uniform 
Capillamenta of the oprick Nerves into the place 
of Senſation? And is not Hearing perform'd by 
the Vibrations cither of this or ſome other Medi- 
um, excited in the auditory Nerves? by the Tre— 
mors of the Air, and propagated through the ſo- 
lid, pellucid and uniform Capillamenta of thoſe 
Nerves into the place of Senſation ? And ſo of 
the other Senſes. 

Q. 24. Is not Animal Motion perform'd by 
the Vibrations of this Medium, excited in the 
Brain by the power of the Will; and propaga- 
ted from thence through the ſolid, pellucid and 
uniform Capillamenta of the Nerves into the 
Muſcles, for contracting and dilating them? I 
ſuppoſe that the Capillamenta of the Nerves are 
each of them ſolid and uniform, that the vibra- 
ting Motion of the ÆEchereal Medium may be 
propagated along them from one end to the other 
uniturmly, and without interruption: For Ob- 
ſtructions in the Nerves create Palſies. And that 
thev may be ſufficiently uniform, I ſuppoſe 
th: i be pellucid when view'd fingly, tho' the 
Reflexions in their cylindrical Surfaces may make 
the whole Nerve ( compoſed of many Capilla- 
menta ) appear opake and white. For opacity 
ariſes from reflecting Surfaces, ſuch as may di- 
ſturb and interrupt the Motions of this Medium. 

Qu. 25. Are there not other original -Proper- 
ties of the Rays of Light, beſides thoſe alrea- 
dy deſcribed ? An inſtance of another w_ 
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Property we have in the Refraction of Iſland 
Cryſtal, deſcribed firſt by Eraſmus Bartholine, 
and afterwards more exactly by Hugenius, in his 
Book De la Lumiere. This Cryſtal is a pel- 
lucid fiſſile Stone, clear as Water or Cryſtal of 
the Rock, and without Colour; enduring a red 
Heat without loſing its tranſparency, and in a 


very ſtrong Heat calcining without Fuſion. 


Stcep'd a Day or two in Water, it loſes its na- 
tural Poliſh. Being rubb'd on Cloth, it attracts 
pieces of Straws and other light things, like Am- 
bar or Glaſs; and with Aqua fortis it makes an 
Ebullition. It ſeems to be a ſort of Talk, and 
is found in form of an oblique Parallelopiped, 


with ſix parallelogram Sides and eight ſolid An- : 


gles. The obruſe Angles of the Parallelograms 
are each of them 101 Degrees and 52 Minutes ; 
the acute ones 78 Degrees and 8 Minutes. T'wo 
of the ſolid Angles oppoſite to one another, as 
C and E, are compaſſed each of _ 

them with three of theſe obtuſe — og 
Angles, and each of the other 7M : 
ſix with one obtuſe and two acute ones. It 


cleaves eaſily in planes parallel to any of its 


Sides, and not in any other Planes. It cleaves 
with a gloſly polite Surface not perfectly plane, 
but with ſome little unevenneſs. It is eaſily 
ſcratch'd, and by reaſon of its ſoftneſs it takes a 
Poliſh very difficultly. It poliſhes better upon 
poliſh'd Looking-glaſs than upon Metal, and 
perhaps better upon Pitch, Leather or Parch- 
ment. Afterwards it. muſt be rubb'd with a lit- 
tle Oil or white of an Egg, to fill up its Scratches; 


whereby it will become very tranſparent and po- 


lite. 
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lite. But for ſeveral Experiments, it is not neceſ. 
ſary to poliſh it. If a piece of this cryſtalline 
Stone be laid upon a Book, every Letter of the 
Book ſeen through it will appear double, by 
means of a double Refraction. And if any beam 
of Light falls either perpendicularly, or in an 
oblique Angle upon any Surface of this Cryſtal, 
it becomes divided into two beams by means of 
the ſame double Refraction. Which beams are of 
the ſame Colour with the incident beam of Light, 
and ſeem equal to one another in the quantity of 
their Light, - or very nearly equal. One of theſe 
Refractions is perform'd by the uſual Rule of Op- 
ticks, the Sine of Incidence out. of Air into this 
Cryſtal being to the Sine of Refraction, as five to 
three. The other Refraction, which may be cal- 
led the unuſual Refraction, is perform'd by the 
following Rule. 


- 


N Ly 
Let ADBC repreſent the refracting 2 
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of the Cryſtal, C the biggeſt ſolid Angle at that 


Surface, GEH F the oppoſite Surface, and CK 
a perpendicular on that Surface. This perpen- 
dicular makes with the edge of the Cryſtal CF, 
an Angle of 19 Degr. 3. Join KF, and in it 


take KL, ſo that the Angle K CL be 6 Degr. 


40'. and the Angle LCF 12 Degr. 23'. And if 
ST repreſent any beam of Light incident at T 
in any Angle upon the refracting Surface ADBC, 
let IV be the refracted beam determin'd by the 
given Portion of the Sines 5 to 3, according to 
the uſual Rule of Opticks. Draw VX parallel 
and equal to KL. Draw it the ſame way from 
V in which L lieth from K; and joining T X, 
this line TX ſhall be the other refracted beam 
carried from T to X, by the unuſual Refra- 
ction. | | 

If therefore the incident beam 8 T be perpen- 
dicular to the refracting Surface, the two beams 
TV and T X, into which it ſhall become di- 
vided, ſhall be parallel to the lines CK and CL; 
one of thoſe beams going through the Cryſtal 
perpendicularly, as it ought to do by the uſual 
Laws of Opticks, and the other TX by an unu- 
ſual Refraction diverging from the perpendicular 
and making with it an Angle VTX of about 6 
Degrees, as is found by Experience. An 
hence, the Plane VTX, and ſuch like Planes 
which are parallel to the Plane CFK, may be 


called the Planes of perpendicular Refraction. 


And the Coaſt towards which the lines KL and 
VX are drawn, may be call'd the Coaſt of unu- 

ſual Refraction. | 
In like manner Cryſtal of the Rock has a 
. | double 


332 Heeres 


double Refraction: But the difference of the two 
Refractions is not ſo great and manifeſt as in 
Iſland Cryſtal. 

When the beam 8 T incident on Iſland Cry- 
ſtal is divided into two beams T V and T X, 
and theſe two beams arrive at the farther Surface 
of the Glaſs; the beam TV, which was refra- 
Qed at the firſt Surface after the uſual manner, 
ſhall be again refracted entirely after the uſual 
manner at the ſecond Surface; and the beam TX, 
which was refracted after the unuſual manner in 
the firſt Surface, ſhall be again refracted entirely 
after the unuſual manner in the ſecond Surface; 
ſo that both theſe beams ſhall emerge out of the 
ſecond Surface in lines parallel to the firſt incident 
beam 8 T. 

And if two pieces of Iſland Cryſtal be pla- 
ced one after another, in ſuch manner that all 
the Surfaces of the latter be parallel to all the 
correſponding Surfaces of the former: The 
Rays which are refracted after the uſual man- 
ner in the firſt Surface of the firſt Cryſtal, ſhall 
be refracted after the uſual manner in all the 
following Surfaces ; and the Rays which are re- 
fracted after the n manner in the firſt Sur- 
face, ſhall be refracted after the unuſual manner 
in all the following Surfaces. And the ſame thing 


happens, though the Surfaces of the Cryſtals be 


any ways inclined to one another; provided that 
their Plates of perpendicular Refraction be pa- 


rallel to one another. 


And therefore there is an original difference 
in the Rays of Light, by means of which ſome 
Rays are in this Experiment conſtantly _ 

e 
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ed after the uſual manner, and others conſtant- 
ly after the unuſual manner: For if the diffe- 
rence be not original, but ariſes from new Mo- 
difications impreſs d on the Rays at their firſt 
Refraction, it would be alter'd by new Modi- 
fications in the three following Refractions; 
whereas it ſuffers no alteration, but 1s conſtant, 
and has the ſame effect upon the Rays in all the 
Refractions. The unuſual Refraction is there- 
fore perform'd by an original property of the 
Rays. And it remains to be enquired, whether 
the Rays have not more original Properties than 
are yet diſcover'd. 

94.26. Have not the Rays of Light ſeveral 
ſides, endued with ſeveral original Properties? 
For if the Planes of perpendicular Refraction 
of the ſecond Cryſtal be at right Angles with 
the Planes of perpendicular Refraction of the 
firſt Cryſtal, the Rays which are refracted after 
the uſual manner in paſſing through the firſt 
Cryſtal, will be all of them refracted after the 
unuſual manner in paſſing through the ſecond 
Cryſtal; and the Rays which are refracted af- 
ter the unuſual manner in paſſing through the 
firſt Cryſtal, will be all of them refracted after 
the uſual manner in paſſing through the ſecond 
Cryſtal. And therefore there are not two ſorts 
of Rays differing in their nature from one ano- 
ther, one of which is conſtantly and in all Po- 
ſitions refracted after the uſual manner, and the 
other conſtantly and in all Poſitions after the 
unuſual manner. The difference between the 
two ſorts of Rays in the Experiment mention d 
in the 25th Queſtion, was _ in the PR 
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of the Sides of the Rays to the Planes of per- 


xendicular Refraction. For one and the ſame 
Ray is here refracted ſometimes after the uſual, 
and ſometimes after the unuſual manner, ac- 
cording to the Poſition which its Sides have to 
the Cryſtals. If the Sides of the Ray are poſi- 
ted the ſame way to both Cryſtals, it is refra- 
cted after the ſame manner in them both: But 
If. that fide of the Ray which looks towards 


the Coaſt of the unuſual Refraction of the firſt 


- . Cryſtal, be go Degrees from that fide of the 


ſame Ray which looks toward the Coaſt of the 
unuſual Refraction of the ſecond Cryſtal, (which 
may be effected by varying the Poſition of the 
ſecond Cryſtal to the firſt, and by conſequence 
to the Rays of Light,) the Ray ſhall be refracted 
after ſeveral manners in the ſeveral Cryſtals. 
There is nothing more required to determine 
whether the Rays of Light which fall upon the 
ſecond Cryſtal ſhall be refracted after the uſual 
or after the unuſual manner, but to turn about 
this Cryſtal, ſo that the Coaſt of this Cryſtal's 
unuſual Refraction may be on this or on that 
{ide of the Ray. And therefore every Ray may 
be confider'd as having four Sides or Quarters, 
two of which oppoſite to one another incline 
the Ray to be retracted after the unuſual man- 
ner, as often as either of them are turn'd to- 
wards the Coaſt of unuſual Refraction; and the 
other two, whenever either of them are turn'd 
* towards the Coaſt of unuſual Refraction, do not 
incline it to be otherwiſe refracted than after 
the uſual manner, The two firſt may there- 
fore be call'd the Sides of unuſual La 
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And fince theſe Diſpoſitions were in the Rays 
before their Incidence on the ſecond, third, and 


fourth Surfaces of the two Cryſtals, and ſuffer-, 


ed no alteration ( ſo far as appears, ) by the Re- 
fraction of the Rays in their paſſage through 
thoſe Surfaces, and the Rays were refracted by 
the ſame Laws in all the four Surfaces; it ap- 
pears that thoſe Diſpoſitions were in the Rays 
originally, and ſuffer'd no alteration by the firſt 
Refraction, and that by means of thoſe Diſpoſi- 
tions the Rays were refracted at their Incidence 
on the firſt Surface of the firſt Cryſtal, ſome of 
them after the uſual, and ſome of them after the 
unuſual manner, accordingly as their Sides of 
unuſual Refraction were then turn'd towards the 
Coaſt of the unuſual Refraction of that Cryſtal, 
or ſideways from it. 

Every Ray of Light has therefore two oppo- 
ſite Sides, originally endued with a Property on 
which the unuſual Refraction depends, and the 
other two oppoſite Sides not endued with that 
Property. And it remains to be enquired, whe- 
ther there are not more Properties of Light by 
which the Sides of the Rays differ, and are di- 
ſtinguiſh'd from one another, 

In explaining the difference of the Sides of 


the Rays above mention'd, I have* ſuppoſed that 


the Rays fall perpendicularly on the firſt Cry- 
ſtal. But if they fall obliquely on ir, the Suc- 
ceſs is the ſame. Thoſe Rays which are refra- 
cted after the uſual manner in the firſt Cryſtal, 
will be refracted after the unuſual manner in the 
ſecond Cryſtal, ſuppoſing the Planes of perpen- 
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dicular Refraction to be at right Angles with one 
another, as above; and on the contrary. 

If the Planes of the perpendicular Refraction 
of the two Cryſtals be neither parallel nor per- 
pendicular to one another, but contain an acute 
Angle: The two beams of Light which emerge 
out of the firſt Cryſtal, will be each of them di- 
vided into two more at their Incidence on the ſe- 
cond Cryſtal. For in this caſe the Rays in each 
of the two beams will ſome of them have their 
Sides of unuſual Refraction, and ſome of them 
their other Sides turn'd towards the Coaſt of the 
unuſual Refraction of the ſecond Cryſtal. 

Q,. 27. Are not all Hypotheſes erroneous 
which have hitherto been invented for explain- 
ing the Phænomena of Light, by new Modifica- 
tions of the Rays? For thoſe Phænomena de- 
pend not upon new Modifications, as has been 
ſuppoſed, but upon the original and unchange- 
able Properties of the Rays. 

Qu. 28. Are not all Hypotheſes erroneous, 
in which Light is ſuppoſed to conſiſt in Preſ- 
fion or Motion, propagated through a fluid Me- 
dium? For in all theſe Hypotheſes the Phæno- 
mena of Light have been hitherto explain'd by 
ſuppoſing that they ariſe from new Modifica- 
tions of the Rays; which is an erroneous Sup- 

ſition. | X 

If Light conſiſted only in Preſſion propaga- 
ted without actual Motion, it would not be a- 
ble to agitate and heat the Bodies which refract 
and reflect it. If it conſiſted in Motion propa- 
gated to all diſtances in an inſtant, it would re- 
quire an infinite force every moment, in every 


ſhining 
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ſhining Particle, to generate that Motion. And 
if it conſiſted in Preſſion or Motion, propaga- 
ted either in an inſtant or in time, it would bend 
into the Shadow. For Preſſion or Motion 
cannot be propagated in a Fluid in right Lines, 
beyond an Obſtacle which ſtops part of the Mo- 
tion, but will bend and ſpread every way into 
the quieſcent Medium which lies beyond the 
Obſtacle. Gravity tends downwards, but the 
Preſſure of Water ariſing from Gravity tends 
every way with equal Force, and is propagated 
as readily, and with as much force ſideways as 
downwards, and through crooked paſſages as 
through ſtaait ones. The Waves on the Surface 
of ſtagnating Water, paſſing by the ſides of a 
broad Obſtacle which ſtops part of them, bend 
afterwards and dilate themſelves gradually into 
the quiet Water behind the Obſtacle. The 
Waves, Pulſes or Vibrations of the Air, where- 
in Sounds conſiſt, bend manifeſtly, though not 
ſo much as the Waves of Water. For a Bell 
or a Cannon may be heard beyond a Hill which 
intercepts the fight of the ſounding Body, and 
Sounds are propagated as readily through crook- 
ed Pipes as through ſtreight ones. But Light 


is never known to follow crooked Paſſages nor 
to bend into the Shadow. For the fix'd Stars 
by the Interpoſition of any of the Planets ceaſe 
to be ſeen. And ſo do the Parts of the Sun 
by the Interpoſition of the Moon, Mercury or 
Venus. The Rays which paſs very near to the 
edges of any Body, are bent a little by the action 
of the Body, as we ſhew'd. above; but this 
bending is not towards but from the * 
25 2 | * 
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and is perform'd only in the paſlage of the Ray. 
by the Body, and af a very f a | s 
it. So ſoon as the Ray is paſt the Body, it goes 
right on. ! e 

To explain the unuſual Refraction of Iſland 
Cryſtal by Preſſion or Motion propagated, has 


not hitherto been attempted (to my knowledge) 


except by Huygens, who for that end ſuppoſed 
two ſeveral vibrating Mediums within that Cry- 


ſtal. But when he tried the Refractions in two 


ſucceſſive pieces of that Cryſtal, and found 


them ſuch as is mention'd above; he confeſ- 


ſed himſelf at a loſs for explaining them. For 
Preſſions or Motions, propagated from a ſhining 
Body through an uniform Medium, muſt be 
on all ſides alike; whereas by thoſe Experi- 
ments it appears, that the Rays of Light have 
different Properties in their different Sides. He 
ſuſpected that the Pulſes of Ætber in paſſing 
through the firſt Cryſtal might receive certain 
new Modifications, which might determine 
them to be propagated in this or that Medium 
within the ſecond Cryſtal, according to the 
DD Poſition of that ' Cryſtal. 
Mais pour dire comment But what Modifications 
_ 1 223 thoſe might be he could 
tifaſe, C. H. de la Iumi- not ſay, nor think of any 
ere. c. 3. p. 911. thing ſatisfactory in that 
3 Point. And if he had 
known that the unuſual Refraction depends not 
on new Modifications, but on the original and 
unchangeable Diſpoſitions of the Rays, he would 
have found it as difficult to explain how thoſe 
Diſpoſitions which he ſuppoſed to be impreſs d 


mall diſtance from 


eee 
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on the Rays by the firſt Cryſtal, could be in 
them before their Incidence on that Cryſtal, 
and in general, how all Rays emitted by ſhi- 


ning Bodies, can have thoſe Diſpoſitions in 


them from the beginning. To me, at leaft, 
this ſeems inexplicable, if Light be nothing 
elſe than Preſſion or Motion propagated through 
ther, 5 

And it is as difficult to explain by theſe Hy- 
potheſes, how Rays can be alternately in Fits 
of eaſy Reflexion and eaſy Tranſmiſſion; unleſs 
perhaps one might ſuppoſe that there are in all 
Space two Ethereal vibrating Mediums, and 
that the Vibrations of one of them conſtitute 
Light, and the Vibrations of the other are ſwift- 
er, and as often as they overtake the Vibrations 
of the firſt, put them into thoſe Fits. But how 
two ZEthers can be diffuſed through all Space, 
one of. which acts upon the other, and by con- 
ſequence is re- acted upon, without retarding, 


' ſhattering, diſperſing and confounding one an- 


others Motions, 1s inconceivable. And againſt 
filling the Heavens with fluid Mediums, unleſs 
they be exceeding rare, a great Objection ariſes 
from the regular and very laſting Motions of 
the Planets and Comets in all manner of Courſes 
through the Heavens. For thence it is mani- 
feſt, that the Heavens are void of all ſenſible 
Refiſtance, and by conſequence of all fenſible 
Matter. 7 1 

For the reſiſting Power of fluid Mediums a- 
riſes partly from the Attrition of the Parts of 
the Medium, and partly from the Vis inertiæõ 


of the Matter. That part of the Reſiſtance of 


2 2 a fphe- 


% Fries 
a ſpherical Body which ariſes from the Attrition 
of the Parts of the Medium is very nearly as the 


Diameter, or, at the moſt, as the Factum of the 


Diameter, and the Velocity of the ſpherical Bo- 
dy together. And that part of the Reſiſtance 
which ariſes from the Vis inertiæ of the Matter, 
is as the Square of that Factum. And by this 


difference the two ſorts of Reſiſtance may be di- 


ſtinguiſh'd from one another in any Medium; 
and theſe being diſtinguiſh'd, it will be found 
that almoſt all the Reſiſtance of Bodies of a com- 


petent Magnitude moving in Air, Water, Quick- 


filver, and ſuch like Fluids with a competent Ve- 
locity, ariſes from the Vis inertiæ of the Parts of 
the Fluid. Ts — 

Now that part of the reſiſting Power of any 
Medium which ariſes from the Tenacity, Fri- 
ction or Attrition of the Parts of the Medium, 
may be diminiſh'd by dividing the Matter into 
ſmaller Parts, and making the Parts more ſmooth 
and ſlippery: But that part of the Reſiſtance 
which ariſes from the Vis inertiæ, is proportio- 
nal to the Denſity of the Matter, and cannot be 
diminiſh'd by dividing the Matter into ſmaller 
Parts, nor by any other means than by decrea- 
ſing the Denſity of the Medium. And for theſe 
Reaſons the Denſity of fluid Mediums is very 
nearly proportional to their Reſiſtance. Li- 
quors which differ not much in Denſity, as Wa- 
ter, Spirit of Wine, Spirit of Turpentine, hot 
Oil, differ not much in Reſiſtance, Water is 
thirteen or fourteen times lighter than Quick- 
filver, and by conſequence thirteen or fourteen 
times rarer, and its Refibihe> is leſs than mw 
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of Quick-ſfilver in the ſame Proportion, or there- 
abouts, as I have found by Experiments made 
with Pendulums. The open Air in which we 
breathe is eight or nine hundred times lighter 
than Water, and by conſequence eight or nine 
hundred times rarer, and accordingly its Reſi- 
ſtance is leſs than that of Water in the ſame 
Proportion, or thereabouts ; as I have alſo found 
by Experiments made with Pendulums. And in 
thinner Air the Reſiſtance is ſtill leſs, and at 
length, by ratifying the Air, becomes inſenſi- 
ble. For ſmall Feathers, falling in the open Air 
meet with great Reſiſtance, but in a tall Glaſs ' 
well emptied of Air, they fall as faſt as Lead or 
Gold, as I have ſeen tried ſeveral times. Whence 
the Reſiſtance ſeems {till to decreaſe in propor- 
tion to the Denſity of the Fluid. For I do not 
find by any Experiments, that Bodies moving 
in Quick-filver, Water or: Air, meet with any 
oꝛher ſenſible Reſiſtance than what ariſes from 
the Denſity and Tenacity of thoſe ſenſible Flu- 
ids, as they would do if the Pores of thoſe Flu- 
ids, and all other Spaces, were filled with a 
denſe and ſubtile Fluid. Now if the Reſiſtance 
in a Veſſel well emptied of Air, was but an 
hundred times leſs than in the open Air, it 
would be about a million of times leſs than in 
Quick-filver. But it ſeems to be much leſs in 
ſuch a Veſſel, and ſtill much leſs in the Hea- 
vens, at the height of three or four hundred 
Miles from the Earth, or above. For Mr. Boyle 
has ſhew'd that Air may be rarified above ten 
thouſand times in Veſſels of Glaſs; and the 
Heavens are much emptier of Air than any Va- 
3 cuum 
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cuum we can make below. For fince the Air 
is compreſs'd by the Weight of the incumbent 
Atmoſphere, and the Denfity of Air is propor- 


tional to the Force compreſſing it, it follows by 


Computation, that at the height of about ſe- 
ven and a half Exgliſb Miles from the Earth, the 
Air is four times rarer than at the Surface of the 
Earth; and at the height of 15 Miles it is ſix- 
teen times rarer than that at the Surface of the 
Earth; and at the height of 221, 3o, or 38 Miles, 
it is reſpectively 64, 256, or 1024 times rarer, 
or thereabouts; and at the height of 76, 152, 


228 Miles, it is about 1000000, 1000000000000, 


or 1000000000000000000 times rarer; and fo 
on. 
Heat promotes Fluidity very much, by dimi- 


niſhing the Tenacity of Bodies. It makes ma- 


ny Bodies fluid which are not fluid in cold, and 


increaſes the Fluidity of tenacious Liquids, as 


of Oil, Balſam, and Honey, and thereby de- 
creaſes their Reſiſtance. But it decreaſes not 
the Reſiſtance of Water conſiderably, as it would 
do if any conſiderable part of the Reſiſtance of 
Water aroſe from the Attrition or Tenacity of 
its Parts. And therefore the Reſiſtance of Wa- 
ter ariſes principally and almoſt entirely from 


the Vis inertia of its Matter; and by conſe- 


quence, if the Heavens were as denſe as Wa- 
ter, they would not have much leſs Reſiſtance 
than Water; if as denſe as Quick-ſilver, they 
would not have much leſs Reſiſtance than Quick- 
ſilver; if abſolutely denſe, or full of Matter 
without any Vacuum, let the Matter be never 
ſo ſubtil and fluid, they would have a greater 

| Reſiſtance 
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Reſiſtance than Quick-filver.. A folid Globe 3 in 
ſuch a Medium would loſe. above half its  Mo- 
tion in moving three times the length. of its 
Diameter, and a Globe not ſolid ( uch as are 
the ky would be retarded, 2 Au 
therefore to make way for the regular and laſts 
ing Motions of the Planets and Comets, it's ner 
ceſſary to empty the Heavens of all Matter, ex- 
cept perhaps — very thin Vapours, - Steams, 
or Effluvia, ariſing from the Atmoſpheres of the 
Earth, Planets, and Comets, and from ſuch an 
exccedingly rare Æthereal Medium as we de- 
ſcribed above. A denſe Fluid can be of no ule 
for explaining the Phznomena of Nature, the 
Motions of the Planets and Comets being better 
explain'd without it. It ſerves only to diſturb 
and retard the Motions of thoſe great Bodies, 
and make the Frame of Nature languiſh: And 
in the Pores af Bodies, it ſerves only to ſtop 
the vibrating Motions of their Parts, wherein 
their Heat and Activity conſiſts, And as it is 
of no uſe, and hinders the Operations of Na- 
ture, and makes her languiſh, ſo there is no e- 
vidence for its Exiſtence, and therefore it ought 
to be rejected. And if it be rejected, the Hy- 
potheſes that Light conſiſts in Preſſion or Mo- 
tion, propagated chrough ſuch a Medium, are 
rejected with it. 

TY for rejecting ſuch a Medium, we have 
the Authority of thoſe the oldeſt and moſt. ce- 
lebrated Philoſophers of Greece and Pbænicia, 
who made a Vacuum, and Atoms, and the Gra- 
vity of Atoms, the firſt Principles of their Phi- 


loſophy; tacitly attributing Gravity to ſome o- 
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ther Cauſe than denſe Matter. Later Philoſo- 
phers baniſh the Conſideration of ſuch a Cauſe 
out of natural Philoſophy, feigning Hypotheſes 
for explaining all things mechanically, and re- 
ferring other Cauſes to Metaphyſicks: Whereas 
the main Buſineſs of bee, Philoſophy is to 
argue from Phænomena without feigning Hy- 
potheſes, and to deduce Cauſes from Effects, 
till we come to the very firſt Cauſe, which cer- 
tamly is not mechanical; and not only to un- 
fold the Mechaniſm of the World, but chiefly 
to reſolve theſe and ſuch like Queſtions. What 
is there in places almoſt empty of Matter, and 
whence is it that the Sun and Planets gravitate 
towards one another, without denſe Matter be- 
tween them? Whence is it that Nature doth 
nothing in vain; and whence ariſes all that Or- 
der and Beauty which we ſee in the World? 
To what end are Comets, and whence is it that 
| Planets move all one and the fame way in Orbs 
concentrick, while Comets move all manner of 
ways in Orbs very excentrick ; and what hinders 
the fix'd Stars from falling upon one another ? 
How came the Bodies of Animals to be contri- 
ved with ſo much Art, and for what ends were 
their ſeveral Parts? Was the Eye contrived 
without Skill in Opticks, and the Ear without 
Knowledge of Sounds? How do the Motions 
of the Body follow from the Will, and whence 
is the Inſtin& in Animals? Is not the Senſory of 
Animals that place to which the ſenfitive Sub- 
ſtance is preſent, and into which the ſenſible 
Species of Things are carried through the Nerves 
and Brain, that there they may be perecived 
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by their immediate preſence to that Subſtance ? 
And theſe things being rightly diſpatch'd, does 
it not appear from Phænomena that there is a 
Being incorporeal, living, intelligent, omnipre- 
ſent, who in infinite Space, as it were in his Sen- 
ſory, ſees the things themſelves intimately, and 
throughly perceives them, and comprehends 
them wholly by their immediate preſence to 
himſelf: Of which things the Images only car- 
ried through the Organs of Senſe into our little 
Senſoriums, are there ſeen and beheld by that 
which in us perceives and thinks. And though 
every true Step made in this Philoſophy brings us 
not immediately to the Knowledge of the firſt 
Cauſe, yet it brings us nearer” to it, and on that 
account is to be highly valued. 

9.29. Are not the Rays of Light. very 
ſmall Bodies emitted from ſhining. Subſtances ? * - 
For ſuch Bodies will paſs through uniform Me- 
diums in right Lines without bending into the 
Shadow, which is the Nature of the Rays of - 
Light. They will alſo be capable of ſeveral 
Properties, and be able to conſerve their Pro- 
perties unchanged in paſſing through ſeveral 
Mediums, which is another Condition of the 
Rays of Light, Pellucid Subſtances act upon 
the Rays of Light at a diſtance in refracting, re- 
flecting, and inflecting them, and the Rays mu- 
tually agitate the Parts of thoſe Subſtances at a 
diſtance for heating them; and this Action and 
Re- action at a diſtance very much reſembles an 
attractive Force between Bodies. If Refraction 
be perform'd by Attraction of the Rays, the 
Sines of Incidence muſt be to the Sines of Ri- 

e Fe | ſraction 
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fraction in a given Proportion, as we ſhew'd in 
our Principles of Philoſophy: And this Rule is 
true by Experience. The Rays of Light in 
going out of Glaſs into a Vacuum, are bent to- 
wards the Glaſs; and if they fall too obliquely 
on the Vacuum, they are bent backwards into 
the Glaſs, and totally reflected; and this Refle- 
xion cannot be aſcribed to the Reſiſtance of an 
abſolute Vacuum, but muſt be cauſed by the 
Power of the Glaſs attracting the Rays at their 
going out of it into the Vacuum, and bringing 
them back. For if the farther Surface of the 
Glaſs be moiſten'd with Water or clear Oil, or 
e. and clear Honey, the Rays which would 
otherwiſe be reflected will go into the Water 
Oil, or Honey; and therefore are not reflected 
before they arrive at the farther Surface of the 
Glaſs, and begin to go out of it. If they go out 
of it into the Water, Oil, or Honey, they 
go on, becauſe the Attraction of the Glaſs is 
almoſt balanced and rendered ineffectual by 
the contrary Attraction of the Liquor. But if 
they go out of it into a Vacuum which has no 
Attraction to balance that of the Glaſs, the At- 
traction of the Glaſs either bends and refracts 
them, or brings them back and reflects them. 
And this is ſtill more evident by laying together 
two Priſms of Glaſs, or two Object-glaſſes of 
very long Teleſcopes, the one plane, the 6- 
ther a little convex, and ſo compreſſing them 
that they do not fully touch, nor are too far a- 
ſunder. For the Light which falls upon the 
| farther Surface of the firſt Glaſs where the In- 
terval between the Glaſſes is not above the ten 
hundred 


"BOOK ul 347 
hundred thoufandth Part of an Inch, will go 
through that Surface, and through the Air or 
Vacuum between the Glaſſes, and enter into the 
ſecond Glaſs, as was explain'd in the firſt, fourth, 
and eighth Obſervations of the firſt Part of the 
ſecond Book. But, if the ſecond Glaſs be taken 
away, the Light which goes out of the ſecond 
Surface of the firſt Glaſs into the Air or Va- 
cuum, will not go on forwards, but turns back 
into the firſt Glaſs, and is reflected; and there- 
fore it is drawn back by the Power of the firſt 
Glaſs, there being nothing elſe to turn it back. 
Nothing more is requiſite fot producing all the 
variety of Colours, and degrees of Refrangibi- 
lity, than that the Rays of Light be Bodies of 
different Sizes, the leaſt of which may take 
violet the weakeſt and darkeſt of the Colours, 
and be more eaſily diverted by refracting Sur- 
faces from the right Courſe ; and the reſt as 
they are bigger and bigger, may make the 
ſtronger and more lucid Colours, blue, green, 
yellow, and red, and be more and more diffi- 
cultly diverted. Nothing more is requiſite for 

utting the Rays of Light into Fits of eaſy Re- 
fexion and eaſy Tranſmiſſion, than that they be 
ſmall Bodies which by their attractive Powers, 
or ſome other Force, ſtir up Vibrations in what 
they act upon, which Vibrations being ſwifter 
than the Rays, overtake them ſucceſſively, and 
agitate them ſo as by turns to increaſe and de- 
creaſe their Velocities, and thereby put them 
into thoſe Fits. And laſtly, the unuſual Refra- 
Aion of Iſland-Cryſtal looks very much as if it 
pere perform'd by ſome kind of attractive vir- 
rue 


348 SPTICK S. 
tue lodged in certain dides both of the Rays, 
and of the Particles of the Cryſtal. For were 
it not for ſome kind of Diſpoſition or Virtue 
lodged in ſome Sides of the Particles of the 
Cryſtal, and not in their other Sides, and which 
inclines and bends the Rays towards the Coaſt 
of alt Refraction, the Rays which fall per- 
8 on the Cryſtal, would not be re- 
acted towards that Coaſt rather than towards 
any other Coaſt, both at their Incidence and at 
their Emergence, ſo as to emerge perpendicu- 
larly by a contrary Situation of the Coaſt of 
A4 Refraction at the ſecond, Surface; the 
Cryſtal a. upon the Rays after they have 
paſs d through it, and are emerging into the 
Air; or, if you pleaſe, into a Vacuum. And 
ſince the Cryſtal by this Diſpoſition ot Virtue 
does not a& upon the Rays, unleſs when one 
of their Sides of unuſual Refraction looks to- 
wards that Coaſt, this argues a Virtue or Diſpo- 
fition in thoſe Sides of the Rays, which an- 
ſwers to, and ſympathizes with that Virtue or 
Diſpoſition of the Cryſtal, as the Poles of two 
Magnets anſwer to one another. And 4s Mag- 
netiſm may be intended and remitted, and 1s 
found only in the Magnet and in Iron: So this 
Virtue of refracting the perpendicular Rays is 
0 in Iſland-Cryſtal, leſs in Cryſtal of the 
ock, and is not yet found in other Bodies. 1 
do not ſay that this Virtue is magnetical: It 
ſeems to be of another kind. I only ſay, that 
whatever it be, it's difficult to conceive how 
the Rays of Light, unleſs they be Bodies, can 


have a permanent Virtue in two of their ich 
1 whic 
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which is not in their other Sides, and this without 
any regard to their Poſition to the Space or Me- 


dium through which they paſs. 


What I mean in this Queſtion by a Vacuum, 
and by the Attractions of the Rays of Light to- 
wards Glaſs or Cryſtal, may be underſtood by 
what was ſaid in the 18th, 19th, and 2oth Que- 


ſtions. 


Queſt. 30. Are not groſs Bodies and Light con- 
vertible into one another, and may not Bodies re- 
ceive much of their Activity from the Particles 
of Light which enter their Compoſition? For all 
fix d Bodies being heated emit Light ſo long as 
they continue ſufficiently hor, and Light mutually 
ſtops in Bodies as often as its Rays ſtrike upon 
their Parts, as we ſhew'd above. I know no 
Body leſs apt to ſhine than Water; and yet Wa- 
ter by frequent Diſtillations changes into fix'd 
Earth, as Mr. Boyle has try'd ; and then this Earth 
being enabled to endure a ſufficient Heat, ſhines 
by Heat like other Bodies. | 
The changing of Bodies into Light, and Light 
into Bodies, is very conformable to the Courſe 
of Nature, which ſeems delighted with Trailf- 
mutations. Water, which is a very fluid taſteleſs 
Salt, ſhe changes by Heat into Vapour, which is 
a ſort of Air, and by Cold into Ice, which is a 
hard, pellucid, brittle, fuſible Stone; and this 
Stone returns into Water by Heat, and Vapour 
returns into Water by Cold. Earth by Heat be- 
comes Fire, and by Cold returns into Earth. 
Denſe Bodies by Fermentation rarify into ſeve- 
ral ſorts of Air, and this Air by Fermentation, 
and ſometimes without it, returns into denſe 
| ä 
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Bodies. Mercury appears ſometimes in the form 
of a fluid Metal, ſometimes in the form of a hard 
brittle Metal, ſometimes in the form of a corro- 
five pellucid Salt call'd Sublimate, ſometimes in 
the form of a taſteleſs, g volatile white. 
Earth, call'd Mercurius Dulcis; or in that of a 
red opake volatile Earth, call'd Cinnaber ; or in 
that of a red or white Precipitate, or in that of 
a fluid Salt; and in Diſtillation it turns into 
Vapour, and being agitated in Yacuo, it ſhines. 
like Fire. And after all theſe Changes it re- 
turns again into its. firſt form of Mercury. 
Eggs grow from inſenſible Magnitudes, and 
change into Animals; Tadpoles. into Frogs; 
and Worms into Flies. All Birds, Beaſts and 


Fiſhes, Inſects, Trees, and other Vegetables, 


with their ſeveral Parts, grow. out of - Water 
and watry Tinctures and Salts, and by Putre- 
faction return again into watry Subſtances. And 
Water ſtanding a few Days in the open. Air, 
yields a Tincture, which (like that of Malt) by 
ſtanding longer yields a Sediment and. a. Spi- 
Tit, but before Putrefaction is fit Nouriſhment 
for Animals and Vegetables. And among ſuch 
various and ſtrange Tranſmutations, why may 
not Nature change Bodies into Light, and Light 
into Bodies? | 

9yeſt. 31. Have not the ſmall Particles of Bo- 
dies certain Powers, Virtues, or Forces, by which 
they act at a diſtance, not only upon the Rays 
of Light for reflecting, refracting, and inflect- 
ing them, but alſo upon one another for pro- 
ducing a great Part of the Phænomena of Na- 
ture? For it's well known, that Bodies act 

one 
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one upon another by the Attractions of Gravity, 
Magnetiſm, and Electricity; and theſe Inſtances 
ſhew the Tenor and Courſe of Nature, and make 
it not improbable but that there may be more at- 
tractive Powers than theſe. For Nature is very 
conſonant and conformable to her ſelf. How 
theſe Attractions may be perform'd, I do not here 
confider. What I call Attraction may be per- 
form'd by impulſe, or by ſome other means un- 
known to me. I uſe that Word here to ſignify 
only in general any Force by which Bodies tend 
towards one another, whatſoever. be the Cauſe. 
For we muſt learn from the Phznomena of 
Nature what Bodies attract one another, and 
What are the Laws and Properties of the At- 
traction, before we enquire the Cauſe by which 
the Attraction is perform d. The Attractions of 
Gravity, Magnetiſm, and Electricity, reach to 
very ſenſible diſtances, . and ſo have been obſerved 
by vulgar Eyes, and there may be others which 
reach to ſo ſmall diſtances as hitherto eſcape Ob- 
ſervation ; and perhaps electrical Attraction may 
reach to ſuch ſmall diſtances, even without being 
excited by Friction. i 
For when Salt of Tartar runs per Deliguium, 
is not this done by an Attraction between the 
Particles of the Salt of Tartar, and the Parti- 
cles of the Water which float in the Air in the 
form of Vapours? And why does not common 
Salt, or Salt-petre, or Vitriol, run per Deliguium, 
but for want of ſuch an Attraction? Or why 
does not Salt of Tartar draw more Water out 
of the Air than in a certain Proportion to its 
quantity, but for want of an attractive Force 
1 after 
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after it is ſatiated with Water? And whence 
is it but from this attractive Power that Water 
which alone diſtils with a gentle luke-warm 
Heat, will not diſtil from. Salt of Tartar with- 
out a great Heat? And is it not from the like 
attractive Power between the Particles of Oil of 
Vitriol and the Particles of Water, that Oil of 
Vitriol draws to it a good quantity of Water 
out of the Air, and after it is ſatiated draws no 


more, and in Diſtillation lets go the Water very 


difficultly ? And when Water and Oil of Vi- 
triol poured ſucceſſively into the ſame Veſſel 

ow very hot in the mixing, does not this 
Flear argue a great Motion in the Parts of the 


Liquors? And does not- this Motion argue, that 


the Parts of the two Liquors in mixing coa- 
leſce with Violence, and by conſequence ruſh to- 
wards one another with an accelerated Mo- 
tion ? And when Aqua fortis, or Spirit of Vi- 
trio] poured upon Filings of Iron, diſſolves the 
Filings with a great Heat and Ebullition, is not 
this Heat and Ebullition effected by a violent 
Motion of the Parts, and does not that Motion 
e that the acid Parts of the Liquor ruſh to- 
wards the Parts of the Metal with violence, 
and run forcibly into its Pores till they get be- 
tween its outmoſt Particles, and the main Maſs 
of the Metal, and ſurrounding thoſe Particles 
looſen them from the main Maſs, and ſet them 
at liberty to float off into the Water? And 
When the acid Particles, which alone would 
diſtil with an eaſy Heat, will not ſeparate from 
the Particles of the Metal without a very 2 
ent 
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lent Heat, does not this confirm the Attraction 
between them? | | 

When Spirit of Vitriol poured upon com- 
mon Salt or Salt- petre makes an Ebullition with 
the Salt, and unites with it, and in Diſtillation 
the Spirit of the common Salt or Salt-petre 
comes over much eafier than it would do be- 
fore, and the acid part of the Spirit of Vitriol 
ſtays behind; does not this argue that the fix'd 
Alcaly of the Salt attracts the acid Spirit of the 
Vitriol more ſtrongly than its own Spirit, and 


not being able to hold them both, lets go its 


own? And when Oil of Vitriol is drawn off 
from its weight of Nitre, and from both the 
Ingredients a compound Spirit of Nitre is diſtil- 
led, and two parts of this Spirit are poured on 
one part of Oil of Cloves or Carraway Seeds, or of 
any ponderous Oil of vegetable or animal Sub- 
ſtances, or Oil of Turpentine thicken'd with a 
little Balſam of Sulphur, and the Liquors grow ſo 
very hot in mixing, as preſently to ſend up a burn- 
ing Flame; does not this very great and ſudden 
Heat argue that the two Liquors mix with vio- 
lence, and that their” Parts in mixing run to- 
wards one another with an accelerated Motion, 
and claſh with the greateſt Force? And is it 
not for the ſame reaſon that well rectified Spi- 
rit of Wine poured on the fame compound Spi- 
rit flaſhes; and that the Pulvrs fulminans, com- 


poſed of Sulphur, Nitre, and Salt of Tartar, 


goes off with a more ſudden and violent Ex- 
ploſion than Gun- powder, the acid Spirits of 
the Sulphur and Nitre ruſhing towards one an- 
other, and towards the Salt of Tartar, with ſo 

c A a great 
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great a violence, as by the ſhock to turn the 
whole at once into Vapour and Flame? Where 
the Diſſolution is flow, it makes a flow Ebulli- 
tion and a gentle Heat; and where it is quick- 
er, it makes a' greater Ebullition with more 
heat; and where it is done at once, the Ebul- 
lition is contracted into a ſudden Blaſt or vio- 
lent Exploſion, with a heat equal to that of 
Fire and Flame. So when a Drachm of the a- 
bove-mention'd compound Spirit of Nitre was 
poured upon half a Drachm of Oil of Carraway 
Seeds in vacuo, the Mixture immediately made 
a flaſh like Gun- powder, and burſt the ex- 
hauſted Receiver, which was a Glaſs ſix Inches 
wide, and eight Inches deep. And even the 
groſs Body of Sulphur powder'd, and with an 
equal weight of Iron Filings and a little Water 
made into Paſte, acts upon the Iron, and in five 
or fix hours grows too hot to be touch'd, and 
emits a Flame. And by theſe Experiments com- 
pared with the great quantity of Sulphur with 
Which the Earth abounds, and the warmth of 
the interior Parts of the Earth, and hot Springs, 
and burning Mountains, and with Damps, mi- 
neral Coruſcations, Earthquakes, hot ſuffoca- 
ting Exhalations, Hurricanes, and Spouts; we 
may learn that ſulphureous Steams abound in 
the Bowels of the Earth and ferment with Mi- | 
nerals, and ſometimes take fire with a ſudden 
Coruſcation and Exploſion ; and if pent up in 
ſubterraneous Caverns, burſt the Caverns with a 
great ſhaking of the Earth, as in ſpringing of a 
Mine. And then the Vapour generated by the 
Exploſion, expiring through the Pores of the 
43, RED | 3 Earth, 
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Earth, feels hot and ſuffocates, anti makes Tem- 
peſts and Hurricanes, and ſometimes cauſes the 
Land to ſlide, or the Sea to boil, and carries 4 
up the Water thereof in Drops, which by their 4 
weight fall down again in Spouts. Alſo ſome 
ſulphureous Steams, at all times when the Earth 
is dry, aſcending into the Air, ferment there 
with nitrous Acids, and ſometimes taking fire 
cauſe Lightning and Thunder, and fiery Me- 
teors. For the Air abounds with acid Vapours 
fit to promote Fermentations, as appears by the 
ruſting of Iron and Copper in it, the kindl ing 
of Fire by blowing, and the beating of the 
Heart by means of Reſpiration. Now the a- 
bove- mention d Motions are ſo great and violent 
as to ſhew that in Fermentations the Particles of 
Bodies which almoſt reſt, are put into new Mo- 
tions by a very potent Principle, hich acts up- 
on them only when they approach one another, 
, and cauſes them ro meer and claſh; with great vi- 
1 olence, and grow hot with the motion, and dath 
f one another into pieces, and vanith into Air, and 
p Vapour, and Flame. | 60 
* When Salt of Tartar per delzquium, being 
- poured into the Solution of any Metal, preci- 
e pitates the Metal, and makes it fall down to the 
n bottom of the Liquor in the form of Mud: 
1 Does not this argue that the acid Particles are 
. attracted more ſtrongly by the Salt of Tartar 
than by the Metal, and by the ftronger Attra- 
ction go from the Metal to the Salt of Tartar ? 
And ſo when a Solution of Iron in Aqua fortis 
diſſolves the Lapis Calaminar:s, and lets go the 
Iron, or a Solution of Copper diſſol ves Iron im- 
ah Aa 2 merſed 
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merſed in it and lets go the Copper, or a So- 
lution of Silver diſſolves Copper and lets go the 
Silver, or a Solution of Mercury in Aqua fortis 
being poured upon Iron, Copper, Tin, or Lead, 
diſſolves the Metal and lets go the Mercury; 
does not this argue that the acid Particles of 
the Agua fortis are attracted more ſtrongly by 
the Lapis Calaminaris than by Iron, and more 
ſtrongly by Iron than by Copper, and more 
ſtrongly by Copper than by Silver, and more 
ſtrongly. by Iron, Copper, Tin, and Lead, than 
by Mercury? And is it not for the ſame reaſon 
that Iron requires more Agua fortis to diflolve 
it than Copper, and Copper more than the other 
Metals; and that of all Metals, Iron is diſſolved 
moſt eaſily, and is moſt apt to ruſt; and next af- 
ter Iron, Copper? | 

When Oil of Vitriol is mix'd with a little 
Water, or is run per deliguium, and in Diſtil- 
lation the Water aſcends Siffculely, and brings 
over with it ſome part of the Oil of Vitriol in 
the form of Spirit of Vitriol, and this Spirit be- 
ing poured upon Iron, Copper, or Salt of Tar- 
tar, unites with the Body and lets go the Wa- 
ter ; doth not this ſhew that the acid Spirit is at- 
tracted by the Water, and more attracted by 
the fix'd Body than by the Water, and there- 
fore lets go the Water to cloſe with the fix'd 
"Body? And is it not for the ſame reaſon that 
the Water and acid Spirits which are mix'd to- 
gether in Vinegar, Agua fortis, and Spirit of 
Salt, cohere and riſe together in Diſtillation ; 
but if the Menſtruum be poured on Salt of Tar- 
tar, or on Lead, or Iron, or any fix'd . 

3 whic 


E Redo 


BOOK III. 357 
which it can diſſolve, the Acid by a ſtronger At- 
traction adheres to the Body, and lets go the 
Water? And is it not alſo from a mutual At- 
traction that the Spirits of Soot and Sea- Salt 
unite and compoſe the Particles of Sal- armo- 
niac, which are leſs volatile than before, be- 
cauſe grofſer and freer from Water; and thar 
the Particles of Sal-armoniac in Sublimation car- 
ry up the Particles of Antimony, which will nor 
ſublime alone; and that the Particles of Mer- 
cury uniting with the acid Particles of Spirit 
of Salt compoſe Mercury ſublimate, and with 
the Particles of Sulphur, compoſe Cinnaber ; 
and that the Particles of Spirit of Wine and 
Spirit of Urine well rectified unite, and letting 
go the Water which diſſolved them, compoſe a 
conſiſtent Body; and that in ſubliming Cinna- 
ber from Salt of Tartar, or fron quick Lime, 
the Sulphur by a ſtronger Attraction of the Salt 
or Lime lets go the Mercury, and ſtays with 
the fix'd Body; and that when Mercury ſubli- 
mate is ſublimed from Antimony, or from Re- 
gulus of Antimony, the Spirit of Salt lets go the 
Mercury, and unites with the antimonial Me- 
tal which attracts it more ſtrongly, and ſtays 
with it till the Heat be great enough to make 
them both aſcend together, and then carries 
up the Metal with it in the form of a very fu- 
ſible Salt, called Butter of Antimony, although 
the Spirit of Salt alone be almoſt as volatile as 
Water, and the Antimony alone as fix'd ag 
Lead ? | 
When Aqua fortis diſſolves Silver and not 
Gold, and Aqua regia diſſolves Gold and not 

| | Aa 3 Slilver, 
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Silver, may it not be ſaid that Agua fortis is 
ſubtil enough to penetrate Gold as well as Sil- 
ver, but wants the attractive Force to give it 
Entrance; and that Aqua regia is ſubtil enough 
to penetrate Silver as well as Gold, but wants 
the attractive Force to give it Entrance? For 
Aqua: regia is nothing elſe than Agua forts 
mix'd with ſome Spirit of Salt, or with Sal-ar- 
moniac ; and even common Salt diſſolved in A. 
qua fortis, enables the Menſtruum to diſſolve 
Gold, though the Salt be a groſs Body. When 
therefore Spirit of Salt precipitates Silver out 
of Aqua fortis, is it not done by attracting and 
mixing with the Agua fortis, and not attract- 
ing, or perhaps repelling Silver? And when 
Water precipitates Antimony out of the Subli- 
mate of Antimony and Sal-armoniac, or out of 
Butter of Antimony, is it not done by its diſ- 
ſolving, mixing with, and weakening the Sal- 
armoniac or, Spirit of Salt, and its not attract- 
ing, or perhaps repelling the Antimony ? And 
is it not for want of an attractive virtue be- 
tween the Parts of Water and Oil, of Quick- 
filver and Antimony, of Lead and Iron, that 
theſe Subſtances do not mix; and by a weak 
Attraction, that Quick-ſilver and Copper mix 
difficultly; and from a ſtrong one, that Quick- 
filver and Tin, Antimony and Iron, Water and 
Salts, mix readily? And in general, is it not 
from the. ſame Principle that Heat congregates 
homogeneal Bodies, and ſeparates heterogeneal 
ones? "St | ET: 
When Arſenick with Soap gives a Regulus, 
and with Mercury ſublimate a volatile _ 
| | alt, 
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Salt, like Butter of Antimony, doth not this 
ſhew that Arſenick, which is a Subſtance totally 
volatile, is compounded of fix d and volatile 
Parts, ſtrongly cohering by a mutual Attraction, 
ſo that the volatile will not aſcend without car- 
rying up the fixed? And ſo, when an equal 
weight of Spirit of Wine and Oil of Vitriol 
are digeſted together, and in Diſtillation yield 
two fragrant and volatile Spirits which will not 
mix with one another, — a fix'd black Earth 
remains behind ; doth not this ſhew that Oil of 
Vitriol is compoſed of volatile and fix'd Parts 
ſtrongly united by Attraction, ſo as to aſcend to- 
gether in form of a volatile, acid, fluid Salt, 
until the Spirit of Wine attracts and ſeparates 


the volatile Parts from the fixed? And there- 


fore, ſince Oil of Sulphur per Campanam is of 
the ſame Nature with Oil of Vitriol, may it not 
be inferred, that Sulphur is alſo a mixture of 


volatile and fix'd Parts fo ſtrongly cohering by 


Attraction, as to aſcend together in Sublima- 
tion. By diſſolving Flowers of Sulphur in Oil 
of Turpentine, and diſtilling the Solution, it is 


found that Sulphur is compoſed of an inflama- 


ble thick Oil or fat Bitumen, an acid Salt, a 
very fix d Earth, and a little Metal. The three 
lt were found not much unequal to one 
another, the fourth in ſo ſmall a quantity as 


ſcarce to be worth conſidering. The acid Salt 


diſſolved in Water, is the ſame with Oil of Sul- 
phur per Campanam, and abounding much in 
the Bowels of the Earth, and particularly in 
Markaſites, unites it ſelf to the other Ingredi- 


ents of the Markaſite, which are, Bitumen, I- 
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ron, Copper, and Earth, and with them com- 
pounds Allum, Vitriol, and Sulphur. With the 
Earth alone it compounds Allum ; with the Me- 
tal alone, or Metal and Earth together, it com- 
pounds Vitriol; and with the Bitumen and Earth 
it compounds Sulphur, Whence it comes to 
paſs that Markaſites abound with thoſe three Mi- 
nerals. And is it not from the mutual Attraction 
of the Ingredients that they ſtick together for 
compounding theſe Minerals, and that the Bitu- 
men carries up the other Ingredients of the Sul- 

hur, which without it would not ſublime? And 
the ſame Queſtion may be put concerning all, 
or almoſt all the groſs Bodies in Nature. For 
all the Parts of Animals and Vegetables are com- 
poſed of Subſtances volatile and fix'd, fluid and 
ſolid, as appears by their Analyſis; and fo 
are Salts — Minerals, ſo far as Chymiſts have 
been hitherto able to examine their Compoſi- 
tlon. 

When Mercury ſublimate is re- ſublimed with 
freſh Mercury, and becomes Mercurius Dulcis, 
which is a white taſteleſs Earth ſcarce diſſolva- 
ble in Water, and Mercurius Dulcis re-ſublimed 
with Spirit of Salt returns into Mercury ſubli- 
mate; and when Metals corroded with a little 
acid turn into ruſt, which is an Earth taſteleſs 
and indiſſolvable in Water, and this Earth im- 
bibed with more acid becomes a metallick 
Salt; and when ſome Stones, as Spar of Lead, 
diſſolved in proper Menſtruums become Salts; 
do not theſe-things ſhew that Salts are dry Earth 
and watry Acid united by Attraction, and thar 
the Earth will not become a Salt without rh 

muc 
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much acid as makes it diſſolvable in Water? Do 
not the ſharp and pungent Taſtes of Acids 
ariſe from the ſtrong Attraction whereby the 
acid Particles ruſh upon and agitate the Par- 
ticles of the Tongue? And when Metals are diſ- 
ſolved in acid Menſtruums, and the Acids in 
conjunction with the Metal act after a different 
manner, ſo that the Compound has a different 
Taſte much milder than before, and ſometimes 
a ſweet one; is it not becauſe the Acids ad- 
here to the metallick Particles, and thereby 
loſe much of their Activity? And if the Acid 
be in too ſmall a Proportion to make the Com- 
pound diſſolvable in Water, will it not by ad- 
— ſtrongly to the Metal become unactive and 
loſe its Taſte, and the Compound be a taſteleſs 
Earth? For ſuch things as are not diſſolvable by 
the Moiſture of the Tongue, act not upon the 
Taſte. | 
As Gravity makes the Sea flow round the 
denſer and weightier Parts of the Globe of the 
Earth, ſo the Attraction may make the watry 
Acid flow round the denſer and compacter Par- 
ticles of Earth for compoſing the Particles of 
Salt. For otherwiſe the Acid would not do 
the Office of a Medium between the Earth and 
common Water, for making Salts diſſolvable in 
the Water ; nor would Salt of Tartar readily 
draw off the Acid from difiolved Metals, nor 
Metals the Acid from Mercury. Now, as in the 
great Globe of the Earth and Sea, the denſeſt 
Bodies by their Gravity fink down in Water, 
and always endeavour to go towards the Cen- 
ter of the Globe ; ſo in Particles of Salt, the 
Alkmanſeſt 
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denſeſt Matter may always endeavour to approach 
the Center of the Particle: So that a Partiole of 
Salt may be compared to a Chaos; being denſe, 
hard, dry, and earthy in the Center; and rare, 
ſoft, moiſt, and watry in the Circumference. 
And hence it ſeems to be that Salts are of a 
laſting Nature, being ſcarce deſtroy'd, unleſs by 
drawing away their watry Parts by violence, 
or by letting them ſoak into the Pores of the 
central Earth by a gentle Heat in Putrefa- 
ction, until the Earth be diſſolved by the Wa- 
ter, and ſeparated into ſmaller Particles, which 
by reaſon of their Smallneſs make the rotten 
Compound appear of a black Colour. Hence 
alſo it may be, that the Parts of Animals and 
Vegetables preſerve their ſeveral Forms, and 
aſſimilate their Nouriſhment ; the ſoft and moiſt 
Nouriſhment eaſily changing its Texture by a 
entle Heat and Motion, till it becomes like the 
denſe, hard, dry, and durable Earth in the Cen- 
ter of each Particle. But when the Nouriſh- 
ment grows unfit to be aſſimilated, or the cen- 
tral Earth grows too feeble to aſſimilate it, the 
Motion ends in Confuſion, Putrefaction, and 
Death. 5 
If a very ſmall quantity of any Salt or Vitriol 

be diſſolved in a great quantity of Water, the 
Particles of the Salt or Vitriol will not ſink to 
the bottom, though they be heavier in Specie 
than the Water, but will evenly diffuſe them- 
ſelves into all the Water, ſo as to make it as fa- 
line at the top as at the bottom. And does not 
this imply that the Parts of the Salt or Vitriol 


recede trom one another, and endeavour to ex- 
pand 
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pand themſelves, and get as far aſunder as the 
quantity of Water in which they float, will al- 
low? And does not this Endeavour imply that 
they have a repulſive Force by which they fly 
from one another, or at leaſt, that they attract 
the Water more ſtrongly than they do one ano- 
ther? For as all things aſcend in Water which 
are leſs attracted than Water, by the gravitatin 
Power of the Earth; ſo all the Particles of Salt 
which float in Water, and are leſs attracted than 
Water by any one Particle of Salt, muſt recede 
from that Particle, and give way to the more at- 
tracted Water. | 

When any faline Liquor is evaporated to a Cu- 
ticle and let cool, the Salt concretes in regular 
Figures; which argues, that the Particles of the 
Salr before they concreted, floated in the Liquor 
at equal diſtances in rank and file, and by conſe- 
quence that they acted upon one another by ſome 
Power which at equal diſtances is equal, at une- 
qual diſtances unequal. For by ſuch a Power 
they will range themſclves uniformly, and with- 
out it they will float irregularly, and come to- 
gether as irregularly. And fince the Particles 
of Iſland-Cryſtal act all the ſame way upon 
the Rays of Light for cauſing the unuſual Re- 
fraction, may it not be ſuppoſed that in the For. 
mation of this Cryſtal, the Particles not only 
ranged themſelves in rank and file for concreting 
in regular Figures, but alſo by ſome kind of po- 
lar Virtue turned their homogeneal Sides the 
ſame way. wm 

'The Parts of all homogeneal hard Bodies 
which fully touch one another, ſtick together 

| very 
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very ſtrongly. And for explaining how this 
may be, ſome have invented hooked Atoms, 
which is begging the — and others tell 
us that Bodies are glued together by reſt, that 
i, by an occult Quality, or rather by nothing; 
and others, that they ſtick together by conſpi- 
ring Motions, that is, by relative reſt amongſt 
themſelves. I had rather infer from their Co- 
hefion, that their Particles attract one another by 
ſome Force, which in immediate Contact is ex- 
ceeding ſtrong, at ſmall diſtances performs the 
chymical Operations above-mention'd, and 
reaches not far from the Particles with any ſenſi- 
ble Effect. | 
All Bodies ſeem to be compoſed of hard Par- 
ticles: For otherwiſe Fluids would not congeal ; 
as Water, Oils, Vinegar, and Spirit or Oil of 
Vitriol do by freezing ; Mercury by Fumes of 
Lead; Spirit of Nitre and Mercury, by diſſol- 
ving the Mercury and evaporating the Flegm ; 
Spirit of Wine and Spirit of Urine, by deflegm- 
ing and mixing them; and Spirit of Urine and 
Spirit of Salt, by ſubliming them together to 
make Sal-armoniac. Even the Rays of Light 
ſeem to be hard Bodies; for otherwiſe they 
would not retain different Properties in their 
different Sides, And therefore Hardneſs may 
be reckon'd the Property of all uncompounded 
Matter. At leaſt, this ſeems to be as evident 
as the univerſal Impenetrability of Matter. For 
all Bodies, ſo far as Experience reaches, are ei- 
ther hard, or may be harden'd; and we have 
no other Evidence of univerſal Impenetrability, 


belides a large Experience withqut an experi- 
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mental Exception. Now if compound Bodies 
are ſo very hard as we find ſome of them to 
be, and yet are very porous, and conſiſt of Parts 
which are only laid together; the ſimple Par- 
ticles which are void of Pores, and were never 
yet divided, muſt be much harder. For I” 
hard Particles being heaped up together , 
ſcarce touch one another in more than a dw. 
Points, and therefore - muſt be feparable by 
much leſs Force than is requiſite to break a ſo- 
lid Particle, whoſe Parts touch in all the Space 
berween them, without any Pores or Interſtices 
to weaken their Coheſion. And how ſuch ve- 
ry hard Particles which are only laid together 
and touch only in a few Points, can' ſtick roge- 
ther, and that ſo firmly as they do, without the 


aſſiſtance of ſomething which cauſes them to 


be attracted or preſs d towards one — is 
very difficult to conceive. 

The fame thing I infer alſo from the cohe- 
ring of two poliſh'd Marbles in vacuo, and from 
the ſtanding of Quick-ſilver in the Barometer at 
the height of 50, 60 or 70 Inches, or above, 
When ever it is well-purged of Air and careful- 
ly poured in, fo that its Parts be every where 
contiguous” both to one another and to the 
Glaſs. The Atmoſ phere by its weight preſſes 
the Quick-filver into the Glaſs, to the height of 
29 or 30 Inches. And ſome other Agent raiſes 
it higher, not by preſſing it into the Glafs, but 


by making its Parts ſtick to the Glaſs, and to 


one another. For upon any diſcontinuation of 


Parts, made W by Bubbles or by ſhaking the 


Glaſs, 
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Glaſs, the whole Mercury falls down to the 
height of 29 or 30 Inches. 

And of the ſame kind with theſe Experi- 
ments are thoſe that follow. If two plane po- 
liſh'd Plates of Glaſs. ( ſuppoſe two pieces of a 
poliſh'd oy be laid together, ſo that 
their ſides be parallel and at a very ſmall di- 
ſtance from one another, and then their lower 
edges be dipped into Water, the Water will 
riſe up between them. And the leſs the di- 
ſtance of the Glaſſes is, the greater will be the 
height to which the Water will riſe. If the 
diſtance be about the hundredth part of an Inch, 
the Water will riſe to the height of about an 
Inch; and if the diſtance be greater or' leſs in 
any Proportion, the height will be reciprocally 


proportional to the diſtance very nearly. For - 


the attractive Force of the Glaſſes is the ſame, 
whether the diſtance between them be greater 
or leſs; and the weight of the Water drawn 
up, is the ſame, if the height of it be recipro- 
cally proportional to the diſtance of the Glaſſes. 
And in like manner, Water aſcends between 
two Marbles poliſh'd plane, when their poliſhed 
ſides are parallel, and at a very little diſtance 
from one another. And if ſlender Pipes of 
Glaſs be dipped at one end into ſtagnating Wa- 
ter, the Water will riſe up within the Pipe, and 
the height to which it riſes will be reciprocally 


proportional to the Diameter of the Cavity of ] 


the Pipe, and will equal the height ro which it 
Tiles between two Planes of Glaſs, if the Semi- 
diameter of the Cavity of the Pipe be equal to 


the diſtance between the Planes, or 1 
| | m_ 


. e 6d 2 
2 r 2 * 
A 3 N 


+» 
** - n 
n ** . TEN. 1 * e o ö & : * - * r 
OT TTL . e e 


0 N — _—_ q N 8 ** ug * 7 « þ fon 
4 Foy . 188 ö * [Pe "y* "MR 1 9 i by Y * P 3, ao; 
* * [IR * 1 9 — 1 . 1 


„ 


| _— \ — 
* 
x * 88 8 * p , . Wot if os K 8 * » 5 LC N 
ek Sts ſoc ts Nero ee 


c age 


BOOK III. 367 


And theſe Experiments ſucceed after the ſame 


manner in vacuo as in the open Air, (as hath 
been tried before the Royal Society,) and there- 
fore are not influenced by the Weight or Preſ- 
ſure of the Atmoſphere. | 

And if a large Pipe of Glaſs be filled with / 


- ſifted Aſhes well preſſed together in the Glaſs, 


and one end of the Pipe be dipped into ſtagna- 
ting Water, the Water will riſe up flowly in 
the Aſhes, ſo as in the ſpace of a Week or Fort- 
night to reach up within the Glaſs, to the height 
of zo or 40 Inches above the ſtagnating Water. 
And the Water riſes up to this height by the 
Action only of thoſe Particles of the Aſhes which 
are upon the Surface of the elevated Water ; 
the Particles which are within the Water, at- 
tracting or repelling it as much downwards as 
upwards. And therefore the Action of the Par- 
ticles. is very ſtrong. But the Particles of the 
Aſhes being not ſo denſe and cloſe together 
as thoſe of Glaſs, their Action is not ſo ſtrong 
as that of Glaſs, which keeps Quick-filver ſuſ- 


pended to the height of 60 or 70 Inches, and 


therefore acts with a Force which would keep 
Water ſuſpended to the height of above 60 
Feet. TS 2% 5 

By the ſame Principle, a Sponge ſucks in 
Water, and the Glands in the Bodies of Ani- 
mals, according to their ſeveral Natures and 
Diſpoſitions, ſuck in various Juices from the 
Blood. 1 {4 ; 21 | 
If two plane poliſh'd Plates of Gaſs three or 
four Inches broad, and twenty or twenty five 
long, bo laid one of them parallel to the Ho- 


rizon, 
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rizon, the other upon the firſt, ſo as at one of 
their ends to touch one another, and contain an 
Angle of about 10 or 15 Minutes, and the ſame 
be firſt moiſten'd on their inward fides with a 
olean Cloth dipp'd into Oil of Oranges or Spirit 
of Turpentine, and a Drop or two of the Oil 
or Spirit be let fall upon the lower Glaſs at the 
other end; ſo ſoon as the upper Glaſs is laid 
down upon the lower, ſo as to touch it at one 
end as above, and to touch the Drop at the other 
end, making with the lower Glaſs an Angle of 
about 10 or 15 Minutes; the Drop will begin to 
move towards the Concourſe of the Glaſſes, and 
will continue to move with an accelerated Mo- 
tion, till it arrives at that Concourſe of the 
Glaſſes. For the two Glaſſes attract the Drop, 
and make it run that way towards which the At- 
tractions incline. And if when the Drop is in 
motion you lift up that end of the Glaſſes where 
they meet, and towards which the Drop moves, 
the Drop will aſcend between the Glaſſes, and 
therefore is attracted. And as you lift up the 
Glaſſes more and more, the Drop will aſcend 
ſlower and ſlower, and at length reſt, being then 
carried downward by its Weight, as much as up- 
wards by the Attraction. And by this means 
you may know the Force by which the Drop is 


attracted at all diſtances from the Concourſe of 


the Glaſſes. | | 


Now by ſome Experiments of this kind, 


(made by Mr. Hauksbee). it has been found that 
the Attraction is almoſt reciprocally in a dupli- 
cate Proportion of the diſtance of the middle 
of the Drop from the Concourſe of the Glaſſes, 
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vir. reciprocally in a ſimple Proportion, by rea- 
ſon of the ſpreading of the Drop, and its touch- 
ing each Glaſs in a larger Surface; and again re- 
ciprocally in a ſimple Proportion, by reaſon of 
the Attractions growing ſtronger within the 
ſame quantity of attracting Surface. The At- 
traction therefore within the ſame quantity of 
attracting Surface, is reciprocally as the diſtance 
between the Glaſſes. And therefore where the 
diſtance is exceeding ſmall, the Attraction muſt 
be exceeding great. By the Table in the ſe- 
cond Part of the ſecond Book, wherein the 
thickneſſes: of colour'd Plates of Water be- 4 
tween two Glaſſes are ſet down, the thickneſs þ 
of the Plate where it appears very black, is A 
1 three eighths of the ten hundred thouſandth 
part of an Inch. And where the Oil of O- 
1 ranges between the Glaſſes is of this thickneſs, 
the Attraction collected by the foregoing Rule, 
| ſeems to be. ſo ſtrong, as within a Circle of an 

Inch in diameter, to ſuffice to hold up a 

Weight equal to that of a Cylinder of Water 
of an Inch in diameter, and two or three Fur- 
J longs in length. And where it is of a leſs 
1] thickneſs the Attraction may be proportionally 
4 greater, and continue to increaſe, until the 
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thickneſs do not exceed that of a ſingle Par- 


c ticle of the Oil. There are therefore Agants 
in Nature able to make the Particles of Bo- 

. dies ſtick together by very ſtrong Attractions. 

* And it is the Buſineſs of experimental Philoſophy 

* to find them Qut. | 
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Now the ſmalleſt Particles of Matter may co- 


here by the ſtrongeſt Attractions, and compoſe 
bigger Particles of weaker Virtue; and many of 
theſe may cohere and compoſe bigger Particles 
whoſe Virtue is ſtill weaker, and ſo on for divers 
Succeſſions, until the Progreſſion end in the big- 
geſt Particles on which the Operations in Chymi- 


ſtry, and the Colours of natural Bodies depend, 


and which by cohering compoſe Bodies of a ſen- 
| fible Magnitude. If the Body is compact, and 


bends or yields inward to Preſſion without any. 


ſliding of its Parts, it is hard and elaſtick, re- 
turning to its Figure with a Force riſing from 
the mutual Attraction of its Parts. If the 
Parts ſlide upon one another, the Body is mal- 

leable or off. If they lip eaſily, and are of a 
fit Size to be agitated by Heat, and the Heat is 
big enough to keep them in Agitation, the Body 
is fluid; and if it be apt to ſtick to things, it is 
humid ; and the Drops of every fluid affect a 
round Figure by the mutual Attraction of their 
Parts, as the Globe of the Earth and Sea affects a 
round Figure by the mutual Attraction of its Parts 


by Gravity. 

Since Metals diſſolved in Acids attract but a 
ſmall quantity of the Acid, their attractive Force 
can reach but to a ſmall diſtance from them. 
And as in Algebra, where affirmative Quanti- 
ties vaniſh and ceaſe, there negative ones be- 
2 ſo in Mechanicks, where Attraction cea- 
ſes, there a repulſive Virtue ought to ſucsęed. 
And that there is ſuch a Virtue, ſeems 0 55 
low from the Reflexions and Inflexions of the 
, * | Rays 
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Rays of Light. For the Rays are repelled by 
Bodies in both theſe Caſes, without. the imme- 
diate Contact of the reflecting or inflecting Bo- 
dy. It ſeems alſo to follow from the Emiſſion 
of Light; the Ray ſo ſoon as it is ſhaken off 
from a ſhining Body by the vibrating Motion of 
the Parts of the Body, and gets beyond the 
reach of Attraction, being driven away with ex- 
ceeding great Velocity. For that Force which 
is ſufficient to turn it back in Reflexion, ma 

be ſufficient to emit it. It ſeems alſo to fol. 
low from the Production of Air and Vapour, 
The Particles when they are ſhaken off from 
Bodies by Heat or Fermentation, ſo ſoon as 


they are beyond the reach of the Attraction of 


the Body, receding from it, and alſo from one 
another with great Strength, and keeping at a 
diſtance, ſo as ſometimes to take up above a 
Million of Times more ſpace than they did be- 
fore in the form of a denſe Body. Which vaſt 
Contraction and Expanſion ſeems unintelligible, 
by feigning the Particles of Air to be ſpringy 
and ramous, or rolled up like Hoops, or by 
any other means than a repulſive Power. The 
Particles of Fluids which do not cohere too 
ſtrongly, and are of ſuch a Smallneſs as renders 
them moſt ſuſceptible of thoſe Agitations which 
keep Liquors in a Fluor, are moſt eaſily ſepa- 
rated and rarified into Vapour, and in the Lan- 
guage of the Chymiſts, they are volatile, rari- 
tying with an eaſy Heat, and condenſing with 
Cold. Bur thoſe which are groſſer, and ſo leſs 
ſuſceptible of Agitation, or cohere by a ſtrongeg. 
| B b 2 Attraction, 
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Attraction, are not ſeparated without a ſtronger 
Heat, or perhaps not without Fermentation. 
And theſe laſt are the Bodies which Chymiſts 
call fix d, and being rarified by Fermentation, 
become true permanent Air; thoſe Particles re- 
ceding from one another with the greateſt 
Force, and being moſt difficultly brought toge- 
ther, which upon Contact cohere moſt ſtrongly. 
And becauſe the Particles of permanent Air are 
8 and ariſe from denſer Subſtances than 

oſe of Vapours, thence it is that true Air is 
more ponderous than Vapour, and that a moiſt 
Atmoſphere is lighter than a dry one, quantity 
for quantity. From the ſame repelling Power 
it ſeems to be that Flies walk upon the Wa- 
ter without wetting their Feet; and that the 
Object-glaſſes of long Teleſcopes lie upon one 
another without touching; and that dry Pow- 
ders are difficultly made to touch one ano- 
ther ſo as to ſtick together, unleſs by melting 
them, or werting them with Water, which by 
exhaling may bring them together; and that 
two poliſh'd Marbles, which by immediate Con- 
tact ſtick together, are difficultly brought ſo 
cloſe together as to ſtick. | 

And thus Nature will be very conformable 
to her ſelf and very fimple, performing all the 
great Motions of the heavenly Bodies by the 
Attraction of Gravity which intercedes thoſe 
Bodies, and almoſt all the ſmall ones of their 
Particles by ſome other attractive and repelling 
Powers which intercede the Particles. The 
Vis inertiæ is a paſſive Principle by which oe 
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dies perſiſt in their Motion or Reſt, receive Mo- 


tion in proportion to the Force impreſſing it, 


and reſiſt as much as they are reſiſted. By 
this Principle alone there never could have been 
any Motion in the World. Some other Principle 
was neceſſary for putting Bodies into Motion; 
and now they are in Motion, ſome other Prin- 
ciple is neceſſary for conſerving the Motion. 
For from the various Compoſition of two Mo- 
tions, tis very certain that there is not always 
the ſame quantity of Motion in the World. For 
if two Globes joined by a ſlender Rod, revolve 
about their common Center of Gravity with 
an uniform Motion, while that Center moves 
on uniformly in a right Line drawn in the 
Plane of their circular Motion; the Sum of 
the Motions of the two Globes, as often as the 


Globes are in the right Line deſoribed by their 


common Center of Gravity, will be bigger than 


the Sum of their Motions, when they are in a 
Line perpendicular to that right Line. By this 


Inſtance it appears that Motion may be got or 
loſt. But by reaſon of the Tenacity of Fluids, 
and Attrition of their Parts, and the Weakneſs 
of Elaſticity in Solids, Motion is much more 
apt to be loſt than got, and is always upon the 


N Decay. For Bodies which are either abſolutely 
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hard, or ſo ſoft as to be void of Elaſticity, 
will not rebound from one another. Impene- 
trabiliry makes them only ſtop. If two equal 


Bodies meet directly in vacuo, they will by the 


Laws of Motion ſtop where they meet, and 
loſe all their Motion, and remain in reſt, unleſs 
l B b 3 they 
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they be elaſtick, and receive new Motion from 
their Spring. If they have ſo much. Elaſticity 
as ſuffices to make them re- bound with a quar- 
ter, or half, or three quarters of the Force with 
which they come together, they will loſe three 
quarters, or half, or a quarter of their Motion. 
And this may be try'd, by letting two equal 
Pendulums fall againſt one another from equal 
heights. If the Pendulums be of Lead or ſoft 
Clay, they will loſe all or almoſt all their Mo- 
tions: If of elaſtick Bodies they will loſe all but 
what they recover from their Elaſticity. If ic 
be. ſaid, that they can loſe no Motion but what 
they communicate to other Bodies, the conſe- 
quence is, that in vacuo they can loſe no Mo- 
rion, but when they meet they muſt go on and 
penetrate one another's Dimenſions. If three 
equal round Veſſels be filled, the one with Wa- 
ter, the other with Oil, the third with molten 
Pitch, and the Liquors be ſtirred about alike 
to give them a vortical Motion; the Pitch by 
its Tenacity will loſe its Motion quickly, the 
Oil being leſs tenacious will keep it longer, and 
the Water being leſs tenacious will keep it long- 
eſt, but yet will loſe it in a ſhort time. Whence 
it is eaſy to underſtand, that if many contiguous 
Vortices of molten Pitch were each of them as 
large as thoſe which ſome ſuppoſe to revolve 
about the Sun and fix'd Stars, yet theſe and all 
their Parts would, by their Tenacity and Stiffneſs, 
communicate their Motion to one another till 
they all reſted among themſelves. Vortices of 
Oil or Water, or ſome fluider Matter, might 

| continue 
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continue longer in Motion; but unleſs the Mat- 
ter were void of all Tenacity and Attrition of 
Parts, and Communication of Motion, (which 
is not to be ſuppoſed,) the Motion would con- 
ſtantly decay. Seeing therefore the variety of 
Motion which we find in the World is always 
decreaſing, there is a neceſſity of conſerving 
and recruiting it by active fie ſuch as 
are the cauſe of Gravity, by which Planets and 
Comets keep their Motions in their Orbs, and 
Bodies acquire great Motion in falling; and the 
cauſe of Fermentation, by which the Heart and 
Blood of Animals are kept in perpetual Motion 


and Heat; the inward Parts of the Earth are 


conſtantly warm'd, and in ſome places grow 
very hot; Bodies burn and ſhine, Mountains 
take Fire, the Caverns of the Earth are blown 
up, and the Sun continues violently hot and 
lucid, and warms all things by his Light. For 
we meet with very little Motion in the World, 
beſides what is owing to theſe active Principles. 
And if it were not Br theſe Principles, the Bo- 
dies of the Earth, Planets, Comets, Sun, and 
all things in them, would grow cold and freeze, 
and become inactive Maſſes; and all Putrefacti- 
on, Generation, Vegetation and Life would ceaſe, 
and the Planets and Comets would not remain in 
their Orbs. | 

All theſe things being confider'd, it ſeems pro- 


bable ro me, that God in the Beginning form'd 


Matter in ſolid, maſly, hard, impenetrable, move- 
able Particles, of ſuch Sizes and Figures, and with 
ſuch other Properties, and in ſuch Proportion 
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to Space, as moſt conduced to the End for 
which he form'd them; and. that theſe primi- 
tive Particles being Solids, are incomparably 
harder than any. porous Bodies compounded of 
them ; even ſo very hard, as never to wear or 
break in pieces; no ordinary Power being able 
to divide what God himſelf made one in the firſt 
Creation. While the Particles continue, entire, 
they may * poſe Bodies of one and the ſame 
Nature and Texture in all Ages: But ſhould 
they wear away, or break in pieces, the Nature 
of Things depending on them, would be chan- 
ged. Water and Earth, compoſed of old worn 
Particles and Fragments of Particles, would not 
be of the ſame Nature and Texture now, with 
Water and Earth compoſed of entire Particles 
in the Beginning. And therefore, that Nature 
may be laſting, the Changes of corporeal Things 
are to be placed only in the various 12 
and new Aſſociations and Motions of theſe per- 
manent Particles; compound Bodies being apt 
to break, not in the midſt of ſolid Particles, but 
where thoſe Particles are laid together, and only 
touch in a few Points. 8 
It ſeems to me farther, that theſe Particles 
have not only a Vis inertiæ, accompanied with 
ſuch paſſive Laws of Motion as naturally reſult 
from that Force, but alſo that they are moved 
by certain active Principles, fuch as is that of 
Gravity, and that which cauſes Fermentation, 
and the Coheſion of Bodies. Theſe Principles 
I conſider, not as occult Qualities, ſuppoſed to 


reſult from the ſpecifick Forms of Things, but 
| as 
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as general Laws of Nature, by which the Things 
—— are form'd; their Truth appearing 
to us by Phenomena, though their Cauſes be 
not yet diſcover'd. For theſe are manifeſt Qua- 


lities, and their Cauſes only are occult. And 


the Ariſtotelians gave the Name of occult Qua- 


lities, not to manifeſt Qualities, but to ſuch 


Qualities only as they ſuppoſed to lie hid in 
Bodies, and to be the unknown Cauſes of ma- 
nifeſt Effects: Such as would be the Cauſes of 
Gravity, and of magnetick and electrick At- 
tractions, and of Fermentations, if we ſhould 
ſuppoſe that theſe Forces or. Actions aroſe from 
Qualities unknown to us, and uncapable of be- 
ing diſcovered and made manifeſt. Such oc- 


cult Qualities put a ſtop to the Improvement 


of Ly Philoſophy, and therefore of late 
Years have been rejected. To tell us that e- 
very Species of Things is endow'd with an oc- 


cult ſpecifick Quality by which it acts and pro- 
duces manifeſt Effects, is to tell us nothing: But 


to derive two or three general Principles of Mo- 


tion from Phænomena, and afterwards to tell us 


how the Properties and Actions of all corporeal 
Things follow from thoſe manifeſt Principles, 


would be a very great ſtep in Philoſophy, though 


the Cauſes of thoſe Principles were not yet diſ- 
cover d: And therefore I ſcruple not to propoſe 


the Principles of Motion above-mention'd, they 
being of very general Extent, and leave their. 


Cauſes to be found out. 
Now by the help of theſe Principles, all ma- 


terial Things ſeem to have been compoſed of 


the 
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the hard and ſolid Particles above-mention'd, 
variouſly aſſociated in the firſt Creation by the 


Counſcl of an intelligent Agent. For it besame 
him who created them to ſet them in order. 


And if he did ſo, it's unphiloſophical to ſeek 


for any other Origin of the World, or to pre- 
tend that it might ariſe out of a Chaos by the 
mere Laws of Nature; though being once 
form'd, it may continue by thoſe Laws for ma- 
ny Ages. For while Comets move in very ex- 


centrick Orbs in all manner of Poſitions, blind 
Fate could never make all the Planets move 


one and the fame way in Orbs concentrick, 
ſome inconſiderable Irregularities excepted , 
which may have riſen from the mutual Actions 
of Comets and Planets upon one another, and 
which will be apt to increaſe, till this Syſtem 
wants a Reformation. Such a wonderful Uni- 
formity in the Planetary Syſtem muſt be allow- 
ed the Effet of Choice. And ſo muſt the 
Uniformity in the Bodies of Animals, they ha- 
ving generally a right and a left fide ſhaped a- 
like, and on either ſide of their Bodies two 
Legs behind, and either two Arms, or two 
Legs, or two Wings before upon their Shoul- 
ders, and between their Shoulders a Neck run- 
ning down into a Back-bone, and a Head up- 
on it; and in the Head two Ears, two Eyes, a 
Noſe, a Mouth, and a Tongue, alike ſituated. 
Alſo the firſt Contrivance of thoſe very artifi- 
cial Parts of Animals, the Eyes, Ears, Brain, 
Muſcles, Heart, Lungs, Midriff, Glands, La- 


rynx, Hands, Wings, ſwimming Bladders, na- 


cural 
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tural Spectacles, and other Organs of Senſe and 
Motion; and the Inſtinct of Brutes and Inſects, 
can be the effect of nothing elſe than the Wiſ- 
dom and Skill of a powerful ever-living Agent, 
who being in all Places, 1s more able by 
his Will to move the Bodies within his bound- 
leſs uniform Senſorium, and thereby to form 
and reform the Parts of the Univerſe, than we 


are by our Will to move the Parts of our own 


Bodies. And yet we are not to conſider the 
World as the Body of God, or the ſeveral Parts 
thereof, as the Parts of God. He is an uni- 
form Being, void of Organs, Members or Parts, 
and they are his Creatures ſubordinate to him, 
and ſubſervient to his Will; and he is no more 
the Soul of them, than the Soul of Man is the 
Soul of the Species of Things carried through 
the Organs of Senſe into the place of its Sen- 
ſation, where it perceives them by means of its 
immediate Preſence, without the Intervention 
of any third thing. The Organs of Senſe are 
not for enabling the Soul to perceive the Spe- 
cies of Things in its Senſorium, but only for 
conveying them thither ; and God has no need 
of ſuch Organs, he being every where preſent 
to the Things themſelves. And ſince Space is 
diviſible in infinitum, and Matter is not neceſ- 
farily in all places, it may be alſo allow'd that 
God is able to create Particles of Matter of ſe- 
veral Sizes and Figures, and in ſeveral Propor- 
tions to Space, and perhaps of different Denſi- 
ties and Forces, and thereby to vary the Laws 
of Nature, and make Worlds of ſeveral forts in 


ſeveral 
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ſeveral Parts of the Univerſe. At leaſt; 1 fee no- 
thing of Contradiction in all this | 

As in Mathematicks, ſo in Natural Philoſo- 
phy, the Inveſtigation of difficult Things by the 
Method of Analyſis, ought ever to precede the 
Method of Compoſition. This Analyſis con- 
fiſts in making Experiments and Obſervations, 
and in drawing general Concluſions from them 
by Induction, and admitting of no Objections 
againſt the Concluſions, but ſuch as are taken 
from Experiments, or other certain Truths. 
For Hypotheſes are not to be regarded in ex- 
perimental Philoſophy. And although the ar- 
guing from Experiments and Obſervations by 
Induction be no Bemonſtration of general Con- 
cluſions; yet it is the beſt way of arguing which 
the Nature of Things admits of, and may be 
looked upon as ſo much the ſtronger, by how 
much the | Induction is more general. And if 
no Exception occur from Phenomena, the Con- 
cluſion may be pronounced generally. Bur if 
at any time afterwards any Exception ſhall oc- 
cur from Experiments, it may then begin to be 
pronounced with-ſuch Exceptions as occur, By 
this way of Analyſis we may proceed from Com- 
pounds to Ingredients, and from Motions to the 
Forces producing them; and in general, from 
Effects to their Cauſes, and from particular 


Cauſes to more general ones, till the Argument 
end in the moſt general. This is the Method 
of Analyſis: And the Syntheſis conſiſts in aſ- 
fuming the Cauſes diſcover'd, and eſtabliſh'd 
as Principles, and by them explaining the Phæ- 


nomena 
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nomena procteding from them, and proving the 
Explanations. by 

In the two firſt Books of theſe Opticks, I 
proceeded by this Analyſis to diſcover and prove 


the original Differences of the Rays of Light in 


reſpe& of Refrangibility, Reflexibility, and Co- 
lour, and their alternate Fits of eaſy Reflexion 


and eaſy Tranſmiſſion, and the Properties of 


Bodies, both opake and pellucid, on which 
their Reflexions and Colours depend. And 
theſe Diſcoveries being proved, may be aſſumed 
in the Method of Compoſition for explaining 
the Phenomena ariſing from them: An In- 
ſtance of which Method I gave ia the End of 
the firſt Book. In this third Book I have only 
begun the Analyſis of what remains to be diſ- 
cover'd about Light and its Effects upon the 
Frame of Nature, hinting ſeveral things about 
it, and leaving the Hints to be examin'd and 
improv'd by the farther Experiments and Ob- 
ſervations of ſuch as are inquiſitive. And if 


natural Philoſophy in all its Parts, by purſuing 


this Method, ſhall at length be perfected, the 
Bounds of Moral Philoſophy will be alſo enlar- 


ged. For ſo far as we can know by natural 


Philoſophy what is the firſt Cauſe, what Power 


he has over us, and what Benefits we receive 


from him, ſo far our Duty towards him, as well 
as that towards one another, will appear to us 
by the Light of Nature. And no doubt, if the 
Worſhip of falſe Gods had not blinded the Hea- 
then, their moral Philoſophy would have gone 
farther than to the four Cardinal Virtues; and 

inſtead 
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inſtead of teaching the Tranſmigration of Souls, 
and to worſhip the Sun and Moon, and dead 
Heroes, they would have taught us to worſhip 
our true Author and Benefactor, as their Ance- 
tors did under the Government of Noah and his 
Sons before they corrupted themſelves. | 
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